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(20) . #^2001-525972 

5 0 Xlf — mt 5 0 te, £fbiC, SMt£o^<D^-^4 2 0^#^£ig . 
, Xif— gB*t5 0W\ ^(DSlttttT) 1 ! 3 ^:^^ 7— U4 2 0 CD<I!jgfl4 2 0 aSO'4 

20bic^ifcs^t\ t^- (z^[^) ^mft&thho ^^tz^iz-r^tc 

CD ^ 7— ^154 2 0<D{JHJgB4 2 0 a&tM 2 0 bfah, ^I4J1 4 0 8 <7MU£P4 0 
8 aW4 0 8 b^X'(D&.M<DmiN&W.I$.-fZ> e (beam) t brlM^i" -S^— 
Off- 5 0£#;i, /h^&^ft^LTfg-r&^^-r 4<D#fe& — 

^ tll^^-fr, ^ 9 LTtl^^ h/^£f@|£-f.5 0 tot, ^2c£<b&S 
-ft^^O^ 7— ^4 2 OtDitiljl^fi, fif— W5 CMC J: o T £j5fc £ *L 5 



(21) mm 2001-525972 

^^f-uu5 o<dm£ ( c ) . «'(d) , j?£ (t) , mm^mz^mz ( 

e) , *M (f) RXI^(DWi(DmWiXh^ 0 mUfa<D?-^>*;\s5 4&mz-z>^t 

±oTS#tt£cD4^<7)5 ^-£134 2 0 ^ii^lc^a <fc 3 ^"i'Sfc&Mc:, x 

if-(Dm£ (t) mttt^^<D5 2 0<DJ?£ J; 9 Vh£<-T3o 

^t«@6 Stl^f £t<75^ 7-^5 4 2 0»Mfi «37 

<D£frt9 ^x$4^>PH.Tii*Pi-?)#-^, x = 0^£>V^T^Sbm@4 0 2 (£fcf± 
4 0 3) (^#/^k£C5#ffi^lft&;b<D^#fi x x = b/2 (C:Jo^-CK&H4cD 
■t 1 *^) 5 7— 35 4 2 O^^fJ^^y^^^-^i-^ h<OX <9/h£V\, Hi5 & W 

X£ ] 0±%t£l&mm.#}t£t}*5-7LZ>tz.}bK^ x = 0^*3tt5^f-r ^^g^r^>$ 

H5^i5mb, 4 xmm-r^mmmmx it. ^iti4 0 2st;4o 

td$^t-f5r i^-^^5 o f£If)m^4 0 0 3f££fc, IM4 0 2 a 

RU4 0 3 a l:^iifix¥tft% -^rtL-?:*^^ 5 =¥> 5/ TT^fiifcfc^ ffi^M 
4'0 2bSr;4 0 3 b^Ii5I<tm5o f*fe*»-, 1^40 2 3^ 
40 3 a(t m@S®4 0 2 b&l^4 0 3 b X K> ^ S^MUS** 



(22) #^ 2001-525972 

#5C^Stt5o ^ot, f^»S«4 0 2W4 0 3^tlftl < 2o©tS 
402a. 4 02b, 403a. &T>*4 0 3 b) fdo^TIg]^ 

S40 2W4 o ti$-e#5 0 o frhmnxmf-tz> 

ocDifcJgJi^ic^^^^^-rct^^tgi-'Srt^T^So i"^t>*>, 
cMApx^tLfc^ 4 o 0(D*siti^^^^v\ 

ft£"5T^<D^fflAPX£;fxfc^ 7 — 7ty^!J 4 0 0 lt s 17(7)10 0 S-JiEl] 

^'Mi^y k i o 6 (cftits r i 5 0 &mtemnmmx*iz, itm% ( 

MO) f-^E^Sr/Si^fi^ 1 0 Oli, — |£(7)^IiJ^— iMOr^ ^ ( 
double-sided first surface M0 disks) 10 7 (#MOf-f ^^Il:i>i:0© 

^7°(D7 7^^7 K10 6^i^Tl^„ :©-iI©77^>^y K1.0 

Rxf^4^T±>-y^j i 2 otajg-g-^ix-c, -H©MOf>^^ 1 o 7<omm± 
t--f£M#(t^tb5o ttf£H#te:tt:, -HOMOr>f 1 0 7lixfy K/^-^ 
1 9 5fc«toTlHHE$i3:P>ttT, — 1©77^ V^MO^ y Kl 0 6 ©MteffiSSL 
^^tfj^Sr^^LT, ;©-$I©77^ V^MO^-7 K 1 0 6 d\ — g©MO 
=r 10 7 0±fflBJtU ? T{B9*®<^±«P*5«t-?:l 5 * £ - 

: &W>Vtity:M*mn-fZ)o io»*tt, -aot^^ayi3 0tJ:oTlP 

$tu5o ^iMroWtt, — H©77^^MO^y Kl 0 6fi N -fflOMOf 



(23) ^200 1 -5 2 5 9 7 2 

->*^Aioofi, w-f-^rty/y 10 1, 1 

0 4, Rtf— la^m— ^— KPMjfe7 7-f^ 1 0 2 ^ilx.TV^-5 0 ~<d— ikd^ 
KPM^77-f^l 0 2<^^{i, — m(DTf^^=t — ?T — J* 105S 
t>*— It^ir-^^^v-a yi3 0©Wtl-o^tt, — 7^y^MO 
Kl 0 6(D^— o(C^:ix^^i-5^<t^-C#5 0 t , ft 

ro-^m^^^-rm-efc5o i/-if-3fe#T-fe>^y lout ^i^/c^ia 

■FM2 31 635 — 685 n m<DmWXW)i¥-f Z> & s l&<vm&%k(D L— 

t hX$Z 0 f-3fe^7ty7!) l 0 1 te, ¥tT^^ 
^ (collimating optics) 2 3 4, {S^S^fOi^ f— y .y ^ (low wave 

length dispersion leaky beam splitter) 2 3 2, Stfi^l/V^^ 3 3.3H1 

;t-c^-5 0 i^-if3fe^T-tr^yy i o i (iM^-if^ 31^^) n: 

ifi^l^-fh'-Al 9 l (HI 7 fC^jH") £yt^*4 5/^1 0 4(Cf6]^5 0 U— 
if'^Tir^^y l 0 1 fi, £fb^, 1/4IIS2 3 8 > ^7~2 3 5 > Si/ 

f t-Al 9 2 (H3 7 (C^r-T) f±, 10 4iaot^l/>X2 3 

3(C(6]tt^tL, flitLtf— ^^7°y y * 2 3 2 



(24) 2001-5259 
±ot, 1/4W2 3 8, 5 7-2 3 5, STOt'-A^7*!J 2 3 9 

f2_tf2<£> J; ££>Ki, u-ifai2 3 l = y 7^ ^u^X 

Wfrtom^x) 2 3 4©ra{c3t^iiBiss2 9 7^m^ a mm&ffiiz^^x 

A 1 9 2<^2o<73ii:^il5t^5>03fe^!7-^SlJJt-r6^ % ggHS-g-tt, — |£ W 
MOf^^^ 1 0 7(7)— *-<75*ffi^*5»t5^7— SSb^ioT^CSiB^SOIlHE 

2 3 6fc:«fc32£&&, ^fff-^tt, M#it*IS2 3 7 {C J: oT^S^ti, «#2 
9 4 £ LTttJ;fc$;ft,3„ Alt l'— If If-A l 9 1 &m$. KWl/-fI^-A19 

H9li, DFBl — 1fM£^tpf^lft&3fe^* OfeSg) *^i"E|-C**>So » 

* Lv^ist8«-en, m 9 K*H-ft*wfc#^*K:f4, ^104. 

— iiao^— KPM3t7r-f ^1 0 2 (ZD— o N s^-ioyy^^^MO^y 
Kl 0 6©- o3^£*LT^-5 0 10 4li v ( i^— IfH 2 3 1 

Alt I/— if tr— A l 9 1^ tMtl©!-^- KPM)fe77^U 0 2 

o^afic^iBro^^i^Jtaofc+^/jra^aESr^r-rs,, awu- 9 s if— a i 9 

1J4, ^ f>t v .I-^- KPM3t77^^ 1 0 2 t±ot, iSv\£"0#$SglJ&ttl 
X s 77^^MOAyn0 6^HLT > #MOr>X^ 1 0 7<7)«i 
§3 4 9±C*m, LV^«gflH3S-Cf4, AW^ft"-A19 1il D 

FBU— !faR-C3b5iljtMB3t^-1f«2 3 1 fd «fc oT««£*L& 0 ^'Jfit (D 

f b ) y-f k u-if ma. r f Mi7 7 7'!j — t p *v k u— *f t « 

«tt«aa*S:^ci-5 0 DFB U-if2gT*fe5 «fSR2 3 £ 
M^^ixfc^^m-^- KPM)fe77^^ 1 0 2F*Df^#£tb5*§-a-t;i. #7 

7- -r ^£aj-c*$> < 3tf47 r >r t Ait«#©M©te#w*eftte##-r 
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^tt "b*L5 R F«I7 7 y y 'n^ ^- K u— S*L5 to <t fi 

77^^l0 2rtliM$n5i, w-if'&SWib^' (Ml) tiot, 77 

PM77^^ti3(t5^- K*fr&tt, ^rtL^JzoT, -o©i^l;^ot^ 
tuS^Wip-r^^^S, @*<^|fcfc3W;tJt;;*j{g;« (stress 

-induced) {d J: 6AP(i^ iotg^^il^iftT'fcS) „ MO|E®»C*3V^fi, 
SNR (SNtt) *2 0~2 5dB©f51l:t5:iiST?#5J:5i: % ffi53ty-f 
XSrJft/M^liS-f-sr. t&M.mx*&Z> 0 ^oT, DFBW-tl^fSl^ 
Kifi, i-^e- K©PM3t77-f ^ 1 0 2 lr, MOf^ * ^ 1 0 7 — off ^%(D 

mm. ROMofj*? i o 7fr<b<Dm^?tt<nm'9m\zmm-ttu-£, itm.% (m 

»#tlii*OW, Alt I— iff— A 1 9 1 fi % *yf 10 4ia»)-i 

KS:IlR$tltMOf'f^^ 10 7 {C^btu Ssttfeti-Sa^aK'f ^ h 3 4 0 £• 
, 4>&< £ t)MOGil3 4 9^^^y — *£^£T*;M1-5 ^ <t £oT, :o 

MO7^M0 7|;II^ r±[Sj#j ifcft TTfttj ©IE (magnetic dom 

ain) &mi£-r z>tcibiz.@.m£ tiz>o ^co&mz, m^m (mfm) ht^d 
jmc^wlt, Atti/— if t-i, i 9 i &&mi-r5r tas-cts. :©i 

Vl£in1Ztt&kT2>*tf>y h 3 4 0^, ^EJf 3 4 9 7:^$tt 



(26) %f$i 2001-525972 

h3 4 0-C\ # — %}%:IZ.£<Q (^ffil 3 4 9 U-fk-A 19 1^ 
tt-fZ>b%\z) s Slt^-ff-Al9 2^, MMkb-fZ^tfy h 3 4 OtOi 
EO@14fc^oT, NF?flE]9^Sl^tHHlt)OV^Ttt^©fRl# 3 6 3 KEHE bfcflS 

0 2(D}gV^cD#Sg|$^A5o KAtU— Al 9 2te. f-^-KPM 
^-Y 0 4fcJ;oTME&£3liR£*L-C, -ft ^- 2 9 4 ^O^m^fc*6(c 

u— tf^rir^^y ioi ^fcmznZc 
iioa-dii -^tL^tL, Kw±ffi[n. mmm, jemek &xm 

^MO^y Kl 0 6 l^mVXWlW-fZZ. kfcX£Z> 0 01Oa~cT?fl ^-~(D 
ft^*7 7^y^MOA^ Kl 0 6 11 — ll^IU^MO^V^^ 1 0 7 0-0 
^®IE^jl3 4 goi^^fcfiT^^^tL^'tLlBS^tLTi/^o £?£LV^ 

ffi (air bearing surface) 4 4 7, Mi&M 1 / 4 4 9 3, |rJ£ pT3Etf>3K 

«Biox*ixfc$ 7— r-fe^^y 4 o o, a 6, stfl&m^-r 

^4 6 0^fi5 o jftSW*ie»lBSI-ett, m^^^A 6 ote, 

£>5 C rcD^fi, pEf^feffid^^T^ 3 0 0^;u^y KTfc9 , ^teB# 
f|fi^4n.stfc^ |HeMOf>X7 1 0 7«I[:}i[Jlgt"fc5„ £?£b< 

A19 1W1 9 2/0*, 7 7^>^MO^y Kl 0 6 ^10X111^07^^^ 

i o 7izfafr?m. i£tzit?:<Dm<Dmiz^ ^tizttm-fzhoxtb^xittebte 

v\ ^7^^4 44©^^^fi, If^i© r^yj x 



(27) 2001-525972 
ttSr<h^T'#6 0 77^f y^MOAy K10 6 Sr*^i-5pfa£©#I^S5fl©^ 

444 fi, ^J;^ 8 9 /zm©il^ JkTf-t / * 7 4 ? (2 0 3 2jimX160 

o M m) ©^(DM^-ra^fisa^^r-rstj^ii-sr t^fs, msiw* 

Hms#-ett, 1/4 4 9 311 — iaflSfStf 2 5 0 ^ mOjE^Tf^T'fe t) 

» J5£#f3:f£8 9 /zmffc^ St*t-r5afe*"Tf©ffiffii!tldSjKl9 0 (±3) ft 
T"fe5 0 ^-*-KPM3t77^^10 2lt £?^L<H 7 
Kl0 6l^$jl, V^ifc (v-groove) 4 4 3, * fcfi^til<7)M^^:# $ (D^~ 
t^/HuioT, x 7 Y ^'*f^ 4 4 4 ©#(Cf p v o f-^-KP 
M)t7 7 ^^10 2lt V^J*4 4 3 RACISM £*IT, #£L<H 
^fc>"ti-Srl6$Jxfc3t^3!Ky F4 4 8 J; 9 ^Altu-if if— A 1 9 1* 

m— ^e- KPMTt^T-T^l 0 2fi, &|i:#*|ft«Mfc3L#:af-«> (ultravio 
let curing epoxy) tfcttlSlt^tf ^PJMtS ' ^ l:±ot, FJt>£ 

i£ti:i:# - et5. v?»rttPM)fe77'f^i 0 2 ^fflt-Srtlcio 
T, Alt^ft-Al 91^ R*H£©**©5 7— §154 2 0 
iE5t^{iS-^^ii:LT, HM*?"* -6.' ft # ^OMMni£ft7c 5 7 

-7ty7"'!) 4 0 0, 1/4^4 9 3, tfel^^X^^ (objective opti 
cs) 4 4 6 f4 v L< tt % *7-f ^##4 4 4 (O^mk^W^^W^T 

*r 4 9 \z.^\f}^ 0 JBlTJ--^ ^ ^^Sltl" 5 1^ — if tf — 1 9 1W1 9 2 

, IilP)©U-f f-i, 1 9 1XTJ5 1 9 2(D±mW*m< £ 

(Rj^^O^APX^ttfc 5 7— 7tV7'y 4 0 OO^WttO^jfero^ 7— SB 
4 2 011 ft*«j*3t^^rt"effiit'&t>"*$ix"C. Atti^-if fc*-i» 191* 
^1/^X^4 4 6M1/4W4 9 3*ilLT^#. SWl'-ff- 
A192*. MQ7^^ 1 0 7 4»P>fi8 0l'- ^^T^>^V 1 0 



(28) 2001-525972 
Hcm< 0 Mi^X4 4 6li, ffingt (N A) tfm£0. 67©^^auy 
Xtt5liTO5 0 6 5 0 nmX'OHlW^llilii-Ctt, ^^nv- 
>Xf4, {3:13:0. 54y mCQ^&iSi^iliMlii^ (FWHM) ^^^^^^5/ h 4 
4 8CM^M5„ v^^nkyXfl J^T* ^ W °^ h ftR^ff^OGRIN 

(diffraction-limited focusing) ^rH^-f^Tci^C, GRIN 1^X4 4 6 tt 
, fi®^f|s6^^T'fc5¥i!b l^yXi )i5 i 9 tlgfS r i: ^-ct 5„ GRIN 
l^X4 4 6O0faoff$RVft^^tt,' PMi77-(^l 0 2©iPt, & 
t^fMo^^^-arSrJfe^ttfc^^^^y h 4 4 8<7}i^X£r"g-ifVKort><7)^ 
HcD^^T-fc^o AM^J^^^-Cfi, GRINUVX4 4 6cDiSj£f±}3;t£ 3 5 0 
Mm, ft$WB^2 0 0Mmffc^ U'^XOjttSttJilS 2 5 0 u m 
^^ s X't -5c *ig*fc/fr£fr-frttGRINU:'X4 4 6 ©¥IBflfl-T?iBr. D , L 
2 5 7^ ^ n ^ ©i^l^^tf 5o £i±3immm 4 4 7 <D : &Wi 

bMiodi^t) Sr-^tpr. <tas-e#5„ Bj»wt;iws[EprfiB«:3twa**— 

^— KPM7t77^/< 10 2 tfc%i&(D^£:<D* 7— ^4 2 0 0^©!^^ 
KBBBLT. Alt^-iff— Ai 9 l^-^-KPM3fc77-</M 0 2£ffi5 
roAlti— IftT— A 1 9 l &#^Wfc3gffc$li:5r.£tfs-c3:3 0 AM 
W4Mttl4 8 6, 4 8 7, &TJ«4 8 8 ^"atP«t ^**^4 4 8^ 

&m.&}t£%¥'<*\z.?£^tz%^u£ a 4 9 5 oami6«i*ibf^tt, ^kj#j£4 33^ 

^7^^4 4 41:, &T>\ m D D 4 9 5«rM-f *St5f+»t^fw, FllxJi* 



(29) £fg? 2001-5259 

ft#6<JJCli, mm.mzftmZthtcM&Zm^&^-CDSmM&l'^X (dynamic 
focusing lens) M^Hg SJ^^U^ 4 9 5 <Dftt> <9 5 - 

Ul/X (holographic lens) MRU)* & Z t 5 C ^<D;6iL££|£ 

KPM3t7 7 ^^l 0 2<D#l!]S.mi:®-^^it(D^^S#k-r6r i^^-#5 0 

^zl^ — ? (Solid-State Sensors and Actuators) MM-^-S MM^MX\ W.Ben 
eckeldJlS TSilicon-Micro-actuators :Activation Mechanism And Scaling Pro 
blems, J (D4 6 5 0MX\ Rr;^ (D ^ f#i LT ^ S t'tl ^ tl t ^ 

^s.t>'i£< ^ h ? v ? ^<Dm#$m(D^~ fmmz, Ait^— if t*— j* 191 coe 

jS^S^, )t»^>X4 4 6 [d/i< m^mt-tZ £ ft# T^(D$c«ll£ 

tbfc^ V 4 0 OcD^&HSO^cT)^ 7— fP4 2 0^ [H^ttiM ;fr 



(30) &m 2001-5259 

2 oft, mmmU4 o 2x0=4 0 3{c^i?jffi/E^Pnspi-5^ t^«toTisjfe^n 
5 0 0 2sr;4 0 3(Dmmms±^x stttt^^^^ 7-^4 2 o£ 

#y b4 4 MOlfrl 0 7 ±<75^^-fp] 4 5 0 f^Urf-*. £ £ 5 £' 

9t-^6o A^^HM#-e(4 v ^^r^^ 7— ^P4 2 Ofi, ^^±2^0^ 

rtui, motV^^ i o 7 (Dmm^^^xm^± 4 hT^^cfgyn-s 

^^»«PX^tv/c^ 7-4 0 OOEffM^fg^fCi^C-C, ±4 Fyj'^i?) 

MOfV^^ 1 0 7 Wt5l^ofc^#y h4 4 8(D&m. Rtffc 
ftiu— if t--i^ l 9 2 ftfg^ffi^irS^. h^^^il^, &t>*-oo 

r"— ^ h7 ^^^^SU^t^— * h 7 y let r i 5 0 

by ydf-V^tt", [al^T^^^^— ^-^^y hRt^^-f /i^Tir^y y l 

20 (1117) — ots^iit^; it-JioTii^-t-s^i^-etSo mot^ 

1 0 7(D#^(D F7 h 7 y ^ iiEWf 

t i^*t^<75 h7y * xj?SjSfeo«a^fc)*Srftffi tr#5 r £ dS"C# 5o 

^Xtf, f-^7°y V^$tLfcir^^i7— #7*— h (sampled sector servo 
format) LT, h 7 y ^ I t 5 a f-#7*-vyh 

ft, MOf^^ 1 0 7 l£Mftl&tl-tt&£f&QJ&<Dt?i>! K ^fcfix — * 

stL-csje^ixsro-c, &fe<Dm% j rj x?mm& h7 s^iiBfr-rsrarau too 



(31) 2001-525972 
^— ^T — A 1 0 5&.TJ*— mOi^^.'O'v'a >- 1 3 0 ^)ib^ (CP^^ < x — Jffl.© 

ffli-6-<b^-et, ^tucio-c. 2 o^ioMof ^ ^ ts^ffil^^f^ 

MJPX^nfc^ 7— Tty^!) 4 0 0 £rffiffl LT h7 2/*iittvftt*$'— ^*Sft 

JfijfitR-Ctt, #f:L<fi, m*<DU— if'Tfe^Tir^yy l 0 l^fflf^rH 

10 4 fii&i" L t>i&5"X?f±fcV\, 
Ull lti % RFtfl^fI^^MWm/^^^tiT'fc5„ « 

-ttUi, HI ll^tJ;5^ Stttt^Stfc (Klta&K) 4 2 0, 1/4 

^iat^5„ RFttscwi^— if^2 3 1 zmm-tzmmmmT'te^ m—*- k 

PM*7rV/< l 0 2f±, ^2W^yF 5 9 9\Z.ffi&£titcWil<mz?'?L>' . 
h5 9 8d»b«fifc*tb-C*3 9, ^rtim©t7^yMiS«l (fast axis; Px 
) (slow axis ; Py) £*aA,-e^5 0 ft 1 <E>i? ^ > 5 9 8 Wilted 

\ &*b<tt > f?2£>1?^V ^ h 5 9 9 (DM^t^M^^^ ^nx^^ 0 Alt 
l/-fk-A19 1ll Ox^tOy^tU £?£L<te. ^KDir^ 
5 9 8©P xliS^Pyil^Lt, m£ 4 5 m<Dftmx°W.B.mft£tlX\,^ 
5o ^fc, l/4W4 9 3(t yt¥'<XftX\ m2(D±^^ 1/ Y 5 9 9 CO P 

ffi^T'fi, 1 / 4 4 9 3 — i3#^f£ 2 5 0 u mCDAEjjJfmXfo «9 , 

$fi$j8 9 wmtfe!) % ttX^ti LTV^5.ftSt-*3V^T^9 0 (±3) |£tf> 

SamcttBKSnSCt-CfcSflS, gn&t^cD-t^^O-hS 9 8W5 

9 9f±. ttMrtttfcftfK RtfjE^^b^c-s^&rr/sfcttrtifiJ© 
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F5 9 8M5 9 9 0>3te3*#J«M4, 011*. Wf, Mifr#t£K^£#£5Wiim£as 

5 9 9 ^iioXeiti-^i Oyj55c^«Ox^tC^LT{M<i)fcltv-7 h 

-T5o MM^OxSl>*Oyii, m2<D±?'*>-h 5 9 9(DiMJj<DffiU$:liiX. 
SMSS4 2 0IIJ;oTM^^ 1/4ZS^«4 9 3©g®l'Altt5 0 Ox 
&0OyJ&#fi. £?3:L<fi, ^M*1S4 2 0(D±m<Dmm^h (S^cD3%l*I 
Id) #>-tC^#t£fl<5o OxWOy»l/4iSfi«4 9 3 ^iii^ih 5 <b £ 

5 0 1 9 2©TxWTyiM^lt ^ L< (i.-AltU'- 

iff-i. 1 9 l©OxMOylM^CMU9 O^IH^^iX, Tx^lt 

ffi^T'tt, PM)t 7 7 ^ ^©lilTlif i l:t^T^ 5 (5 ^Witft L^v\ t£ 

9 9M5 9 8&iIoTfciiU T y J&#f2T xJ&frKStLT £ bfc: * fctt&tB 
^•>7 ht5, ro^-?£T*fi, £ 1 (D±^?i ^ b 5 9 8 <Dfe\,^<DiffiU ; kliltc'& 
, ^#t^-i^t'-i. 1 9 2 0Tyfi**^li TxlM^I^Lt, £f;£L< 

3tetttttt«P3ttT?*> 9 » i"— iF^T-te^y l 0 i©i/4»fi«4 9 3 J; 
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y h 3 4 0 tc:ffi&£;h//ttiNR£aj2>ff-J§-2 9 4i LT^-Tfc DUMBftd'tt 
tB^^-C^m^tbSo #3§9!HU IlWl2(7)t^yF 5 9 8M5 9 9i; 

l+£«4 2 0 J: o T^A $ li5fitS h«rft/Nfc1-5 
o ££>(C, l/4^S«4 9 3fi, R&fg®4 2 0<Dm^%^*\H\ZMW.£th 
Z>h<DkVXm7F£ftX\<^Z>i>K KW(DmMWimx^ l./4&g;K£ % 
^X3t^3R4 4 6 tMOf^^ 1 0 7 (OMIiE«-f-* - <t hXZ 5 e 

RFS||U-Wt- K^^i5^ffi2 3 1 ((38) £ 
ttffitSr ttcj; 9, ft'- A l 9 2.®3fe'#6«j7-f — K/<»^OU- If 

■?%<D%mt LTft^L, Ifcfc, l/-4jR*«4 9 3 £ I— if M 2 3 lOffUcff 

hiSrft/MUtSwir^ftS. L^L&^fb, Attw- iff— Ai 9 l (DO 
xiWy^, |g 1 <D-£?* yf 5 9 8WP xM'Pyil^LT4 5*T* 
*3i»^ffi«-g-*?-&$iX-CV^i;V^^ &l*/*fcttl/4ift*K4 9 3!JSjE*IC 

^^tix^ta^m^-^tt. b lot, *-*u&satfjflr§:2 9 4K 

S*#fctt»W£*LS-c*>£3. i tot, m&Kfi, Wtaio 

*38^-efl, M 1 <D±^f^ > h 5 9 8 <Z)iS$fc&, ^2<£>-fc^ ^ h 5 9 9 (Dig 
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0 Z. t SrttJfeLTl^So % 1 JkXim 2 <D±y*yt > h 5 9 8M 5 9 9 (4, 

2^b*^t5^^^f§5 0 ^lOt^y h 5 9 8(4. SKftflf^tCfeV^ 

x£<&bfrtcmmmm&m&tiimLx, ws2<d±^^ ^ v 5 9 9^^$^. 

ll©t^yh 5 9 8 <Djg$fi!(4, L < (4 0 . 5 ^l*l<7)^T\ !& 2 <£>-fe 

7* V h 5 9 9O3«j{£{£M^fc>-£-£tL5 0 ££>lc % giStf|2©t^yh 
5 9 8&l>*5 9 9(4, #£L<(4, PU T -f '<tf>M3t o y h t&^S^ $ *k 

#?;£L<(4. lmm^©ffMCI^©t©t'fc5 0 ^lMf2Ct^ 
V h 5 9 8St>'5 9 9©*^^»ft^^e*R+SiaD»«*:$*Lfc3fe^S«t5 
fitfBf 7 M4, 2 * b L/XiOtWt-Z) (ZZX\ b t4PM5t7 7-f/<©IS5f 

MD5 0 PMjt77^/< 1 0 2<£>fg lM2©ty^ V h 5 9 8R&5 9 9. 
Wigli^SVN^Mtc-fiS^^-Br-rsr |:J;oT, RV2o©t^^ > h 5 9 
8 .&.!>* 5 9 9&m£mC-g:£(Di>(DX*&>Z> ± 9 J-iitR-T 5 ^ <b «t ot\ 2oO 

~C\ 4fctB*>7 h n-C\ LftV^cD 1 1£ &Xh*> o t o Z. 

*38Wtt»Jg"f-5. HBSfctt, 0T*(4ftv\EBfc(Dlg®#Tf4, 11^12 
©t > h 5 9 8 5 9 9 ©1 $ ©i^CMJ -£*t*<J>;t, t£3S&#T(C]:b 
^T, lii£){m-%-2 9 4<DRF{&fB/-f Xf4i&^£*l,5T*fc5 9 0 RFftflW- 
ifM 2 3 1 Srtt^i-53fetteJBSiTtt» 3fc 1 2©t^>b5 9 8 Stf 5 9 

7f<d) mMmmz&^x. m^m-^-2 9 4 oft xitf4, (5^4 odB& 

[Hi 2(4^2(D^Jfefli^{^fcft5. Ill 1 <7)^^j^3fe^^^^^-rilTrfc-5 
o H6(C^^2<D^ife^|#T'(4, ZnS (itJ^Siffsp) MS i Q 2 (ffi;V\® 

{-^*^ti5o 1113(4, ±^T'i 2©I^tt5lll^/J:Hit!co^^t, 
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5„ ^<Dm<om£te, 2 o^^¥»$i\ ^i<i49 5/'- 

ir^h£i9A-#<&5<£?^ 6 4 6 ^(DWMmtft^tltz^t 

McoAMft (A*NI4 5 (±10) g^rt) ©RJ*fife#as. 9 0 (±1) fitf><fc 
$@jfift£r§£f't<5 <£ 0 lu, S*tKtE4 2 0tctt#*tLSIfflft«W$^5. r©AIW 
^HM«f±, «!I8i-*r.i:Srlt0UT^Lfc 1 b«>-CH:3&<, (&©»f^Rft©, 
S^ix^tL^S^Sff^SrtoS^SIS:©®^. SltS«4 2 0«#-TSC 

mm-rz> 0 i/4afc*MR©#&ftj£«i6 8 9f±, ^^l<«. ^2<ot^y> 

5 9 9©PxWP y*il{C*J-LT, ^/^rtT*4 5 ft 
5 0 ^ot, ^ 2 ©HJS^^-Cfi. #I^^->^ 6 4 6H Alt if tf — A 1 
9 2WTxXt/TyfiJc5>ra{Cl«JB^«t 9«i»Sft5firffi^7 h^iitSi^ 

'met &o nm^m^th^mii. ^^<amm^±-ri>h<Dx^^^(D 

X\ ^mm^-hRMmhXmyt<Dfkm (azimuth) Klfe#LftV\, 77^^M 
O^y Kl 0 6 ±<Dm%KDft^n£'n (-ttefr-lb. SIJ*<D1/4^S4 9 3) <D 
^'^(tSrirluctot, ^2 0Hlfe1ig^roi/4&S*R^S^^y^ 6 4 

m {-r^^i/ Am^m <D-o<D^^^^^xmmLx^t^K ^m^-t 

, l — if^r-fe^^y 1 0 1 ^a^^^M^M^ 9 ctiaot, 

teC0^^7°C7){i7fe^^^L6^^, #>J;U±\ 777T- iH]^^- (faraday rotator 

hi 4^r>*i 5 zmm^mi-ztK mi o<D^tm%r'~-^mmR^ 

W£.isxTJ± 1 0 OH 7 7^^^II^7 Kl 0 6 £#;ifcft#^<7)Ml 
ipx^ftfc?: ^— Tir^^'y 4 o o £,a^iAip r. <h i:iox, MOf^^^ 1 o 

7 &aiiH- 6 & z ftfc t — if 3t © t'- a & * mmx&m £itz>mt)& 

ti#H-<5o il0C^7^m4 4 4I^U(l 5 7-^4 5 3 £ 

. iRi#TOo»#ii*px$ftfc$ 4 o o<Dtmmt L 
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XBlfZZ.t&X'$;Z> 0 5 7— ^SP4 5 3 f± % liSUiSi^2/K4 5lS 

o±(cgas^tt^c— aaoatis-r K4 o 4M4 o 5 (H2#ko 

, K4 0 4M4 0 5 £l£tf-;5iM£&< U S.t^r tU- £ ot> M 

K4 5 1M4 5 2^S^t)it-r6fcJ6(7)#^-r6^7^7 0 ^^< 
^X#5o b7t^cD^m^Xf±, 5 7-^^154 5 3tt£ P>tc, T^ir 
Xffi^ (access hole) 4 6 1 Rt/4 6 2 ^fitfe ^ iWCiot, ¥— 
— KPM^77-f^ 1 0 2frt>R%t&<D'P£:<D* 4 2 0 (H|-C«IStb-CB 

SrSI^-t-Sr tdSt?#5„ ^7-^4-5 311 lRl#RraEOlMBiPX*tLfc5 
7-7t^'y 4 0 0(1, ^77^^10 2/5^C»3fe^^f-*}-U-C4 

^7^^**4 4 4lt;> 7— 3d$gB4 5 3 £J§lJ*K:MMPXU 
2oco^ D °D^^*^iJx^i-Sr tCioT, 5 7— 3t«rSB4 5 3^7-f^* 
#4 4 4^t)#(-t-C^it-rS- £V^5 n i^Sfili-ST'fo^) ? 0 

Rrae©iRiiBjox$nfc5 7— rt^y 40 o^an-a 4 5m<Dxw-%m. 

?fy7" 4 9 3M4 9 4S:Iifc, MJ&7C# £<D;* 7>T -^{ciCT^ 

# *i^(D'$LmMT.£titc^ 7— rtyyy 400 ^gae-rsc tds-c#5 0 $ e> 

[Rl#RraCo»3NlD!lPX$ttfc$ 9— T-fe>7*.y 4 0 0, *7 
4¥%:fc4 4 4, RUPM^tyr^^l 0 2^f5fcfe©V?H4 5 4^ 
— 0(0— m^fzU°u^h^^yy4 y^MO^y Ki: LTlHWltSr 
T-#5 0 — ^^*B*PX$tbrc7 7-r y^MO->y KICJ; MOr^n 
0 7±(c3fe^xK7 F 4 4 8 (llOcl^t) &jEflfc 
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*«r«b-m bft-?%Z> 0 ^y^y^W4 4 4 t£fc, fu3z&^^PX^n7cT 

T-r^^-r y^i 0 4U, ytmn^x'rJ* 1 o of^^/Jn^^^c^l^m^ 

— KPM3t77'C^ i o 2 £ U'— if^T-fev^y 10 1 &Stts 

^>mms 5 o, »swinx$<xfcy=T^^n^-— ? 321,' $$«DX£*Lfc 

&mt) 3 2 3Xrjt3 2 4*^M$il5 0 ^T«Stt$PW 3 2 3 3 2 4 

$nfc8Wii-sjftspt4, p^-* 321 <D-sjmitiiJjMtm®.3 5 

5 0O±lfB*ffil^LTfi«Sitt/j;iR]#fc|iHEtti«rfla:»t«a RT«M4«Wt3 2 4li 

, ^(^(c^ibpitg^'er^w 3 2 3^*j-b-c«^iRi^H^*ixfcwt>&5 

?7-3 1 4lOtfl,xmZ1ik&mzfa< J:5JcBB«$ttSo ^-ifft^Tir^X 
y l 0 1 *»P>OgftSMS:iS5AltW'— If ^ 19 111 S«3 5 0;fc:jgJ5fc£ 
*L7tHPlHJ^iR]ft e>tb5„ HI 1 6 Ic^i-J; 5 (c s Alt — if fc*— A l 9 l li^<D 
ffln^&m'O, ^fr^ftM^bit&ftfcGRINV'^XS 2 9 SriiigLT, ^7—3 
1 4 COSltStd^tbSo GRIN 1^X3 2 9(2, $f£L<f±, S«3 5 0©x 7 
^^^$tL7titO^^IEM^tl^ 0 GRIN 1^X3 2 9*»P)tb5i, U-f t'-A 

19 1 fi^-f ^ p 5: 7 — 3 i 4tcj:oTK4+*ixS. 

l^O^iftiiW^ ^ p^& — ^ 3 2 1 {ZpplmZtlX. AWU— if A 19 1^ 
•^^^P ^^—3 1 4fabfcM£flX, —%%.<Dif7T4'<\ 0 2(D<£(7)i!t^£;ft, 
7c— o^aid»*LS. ^^n^^3 2 1ll Rr*M4*fP*t 3 2 3 
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(Mj3&)9k8l 3 2 2 X'7jk-t) v^^d?7-314 £-t£>[§HE«ltf>3;fc> 

o ^iXf-io-C, v^^n>7-3 1411 if^^3 7 0T^tSS3 5 0 

7—3 1 4(D^{iM(4, -v^f^u^ — ^ 321 
iot^i), AM^f f-Al 9 1H GRINl^X3 2 9 lUot, ^7 — 

£r£L<ii, wixib<D*V> Mi, |-€-KPM*77^^l0 2^M*ii 

o£v^o»u;L>tfj£-r5o 5 7— 3 i 4(oiiite5iii)ot5iaf±. s^ixn a 

if tr— A^PM)t77^^ 1 0 2<£>ffit<£>— oU:i*< (DlZ-tfttf&CDXh 

3 1 4 0®^ilU){Cj;oT, SUOl&pg<DMfS]&0 ; ill»£#<5r 
T*#, ^tUcoV^-Cte, [Hi 7 a, 1 7b$r#itTP^t5o 

Ell 7 aWl 7 bKtt\ £#«84 1 2, — isfitteZMM .1 0>'i|fel*BMfc 
^jf(7) rtv>?j ^4 16, itl/^-y4 2 5, — ^«^n/c^2W 
iftHMtftofffflU 1 8, S^SWil4 l SSr^Cix.fcJt^yf 104 

ttv^f i7 n 5; 7—3 1 4<Z)^®tcM*^^5o ^ ^ a $ 7—3 1 4<DW0^<D 
^Mn©X5/i;|l Jjt34 12 0^jSt5x<>i?[I, ^Mil-^xyv' 
T*f4»M4 161^01, mU<D=^y^XnmmW^4 1 8[;ioT^$ 
tbTV^o %&B.fcU4 1 6M4 1 8{iV^ixt, W^o^7-314 %3iW 
§154 1 2 75^m^^]^|fe^L, RV^7~3 1 4t5j$S4 1 2cD^^=tt3t^ 
U (structural support) £J§#fc-T 6 t V* 9 2 ocD^ig£i|#t-r 5 0 

«#g|34 1 8H:, #m^4 2 5 tla^^$H-C^°^ — Wb^tvt*^, (1 
17b <Dmmm^1-—i$Mf&£fttzmTtemXfa<D±?'?l V h 4 1 8 a , bR 

^V^h4 18a s bM4 2 5 a< b f± s ?7-3 14i»4 1 

2^^iX^ttcD^9^5/v ;; ^^LT^i75c$tL5o i££^#gH3 4 1 8 tmmW-4 
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2 5 14, t>( 9 d 5! 7—3 1 4 t^iWU4 1 2 £7)^(^(7)^12 ^rM^T^^]}C 
^5*^^ > h 4 1 8 d , 6^4 2 5 (1, e.5-MU 1 

1 8(4, a|«#4 2 5iM^n.;7-3 1 4 iff? 1 <B«*W8M*£fT*.5 J: 5 
(^U^<D) /uSrfl|*.TV>5 0 3d#g|5 4 1 2 ~-<7)^ 2 <7) 

7-3 14 fc3t«rtfB4 l 2©Wtc:»**6«j*^^fife$*b5." 

iaot, ^ o ^ 7— 3 1 4f4 x 8 0 1 ^XTjk-r^m^io^^x. 

U4 l 2a>kgt*i7 t c<? £fctt-fc*bfc:iRjj&»5fcl#fc:, 1&MVf(D rt^j ^4 16 
C^OjM¥St^^Vh4 1 8 d, M4 2 5 d, elt v^f7o?7 

-314 fc£#*B4 1 2<Dm<Di$mn,fttet)&m®i-$tzfr<D*.L^mfaom7c 

^4 1 2(Dm<D{iM<Dm^<Dmm^MLX, Z<D&7tt\*n&tiL4 8 O^ftJPS 
t5c MJHrlftf-^C-S^-f * a 5 7— 3 1 4 0) HUE 4 8 0 (4, Slt^t®4 1511 

^x.5fc*(c^-r5r t&XZZ> 0 

rai6Ml7 ai b&mmTZt, ty^g|54 16©tt©^fc9©^ 
^; 7—3 1 4 0HHEfCl«t t) , Sit I/— if tf— ^ 1 9 2 0^3 7 0 (C(S(£ . 
M**lRllc*3ttsaEtt[3 5 O^ffifl^fattsr. t^T*^, ^*U^4oT, Alt 
V— if f — A 19 1^ BrS^PMSt^T^l 0 2 (7) * |o] ft 5 tc #> <D 2 ^ 

^-1 0 4(4, Sit l/— if tr— A l 9 2£W— if^Tir^yy 10 1 KipjttTM 

-r 4 5 mf^ffli- 5 r t h x% 5 1 ^ 9 c <b zmm-r z> x& z ? , 
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Alt I'— iff — A l 9 l ©PM)fe77-f^ 1 0 2 ^jtf-r-SteM-^b-fr^&Sr^ 

•U^^p^-;?3 2 1M^^d>7-3 1 4*&Wi£ J £X, Alt u— If 
t-Al 9 ysPM^r^f^l 0 2(D^^i-^LTffi^^{3LS'8-^^i : tl 

i^Wmig-^^-frlf^-fi, Slt^-if t'-A 1 9 2 0t!giliI?rSiJ^i--5r biz 

^cHi 8~2 0^#BSi-^i, v^v^&M^I^c&s^;*^ 5/^1 0 
4^[H^$ix-C^5o V^^mmmmX'ii, i^V 3^|£^ (silicon bonding 
) tf^-^y7^f -f (DRIE ; Deep Reactive Ion Etchin 

g) y^i 0 4^m^ir^nmmm^mm-t^tz.^z.m^^th 

^^H^RtfM^HIS^'bM^i-Sfc^^^^tLSo DRIEMS^^iJ^ it, * 

#>bfax\ mfcmmaz&mm£^y^>?'ztitzinm : ki / EZ>zkfrx$z> 0 

3 2 3&tf 3 2 4, 5 5-314. 3E«P»4 1 2, *m^4 2 5, feftflcfflU 1 
^Lt^y = yi«3 5 0£H1;*_-CV^<5„ )t^/f yfl 0 4li 
£«b(d, T^P^v-y 5 1 ?rfttV^„ M^Il^ttt, 

x^fy^tifc^ty/s 5 2&T$$<D~>y =^^m^5 5 1 <D±£i^ffi[ci3:tt 

<btl& 0 ^>5/7°5 5 2fi, ^TittW3 2 3M3 2 4, 7^?d? 

7-314, ~BiM%n^4 1 2c^i&<7>fc#O|$Pd3£^x.5 0 M3tW^(7)^|5t<t 
LT, fW®g£{fc^Ji (biplanar oxide layer) 4 18 t ^tth&U 0 4 2 

5tf^ S&3 5 0^jim®(CJF^^tL5c mitmm4 l 6fiSl£3 5 0M;ft 

tRttmxh&ftiMmffi^jtmzrLZo mitmms 5 3«, 
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S«5 5 1© (MrtMM 1 6{dfpJ^V^9) ^®t-7f^c£tL5 0 S5 5 3«\ 
iStPS® 5 5 1 cD_h^®±fc:ff^$tbT, ^(7)^, 2 3 5 0 i: 5 5 1 

<Z)P a 1<D^M-^Wit#ffi 5 5 5 tt£Z> 0 

itt!4 1 6(i. Hi 7 a fc^-f-gHI^KD fc ^v*£4£tS:tf 5 fc&K:^ 0 
^->-^^tb5 0 ^(D^^yy<DW:X\ Sfi3 5 0 tSi5 5 1©[plM^ 

mt%3 5 o^fjv'U ^^^^x, mmm^n5 5 4, 556, 558 

» W5 6 0 mi 9ic&frm^j&LtzW:mx*^£}riX\,^Z>) ^^jx§ o 

TO't±^#3 2 4&t>*3 2 3 (roH-Cfifi^o-CV^S) ^M^Z* 5 
5 5^jo{t5^^Jl 5 5 3lt SK5 5 1 (D^S^&tf 3DRIE^ y f^^T" 
y:/&lfilh-*-3«# *77^^m^^ 0 4 (DftHO^^^ 

ftM^ fc>*-f 5 fc JO © iEflfe Tfcgg $ £ J&fc-f 5 0 

#*L<«U M^^fcfi^^X-^^^-ti^y^^^ (wet or plasma isotropic 
etch) X^*yyX^y?->y£tlZ> B * — 9 &'P t;1£ftWBL-t Z - t \Z. 

cfc "9 , *^F[Rl«5TftJ^ y^-ls? (underetching) £r4> Lfctt& 9 A^T, W * 
^7-314, 3fc#iF|U 1 2, SOTWtt3 2 3, 3 2 4 Sr^J-fc-TSIMfc: 

&zttimuftRwmw.<fc<Dmffi mi 7 a ^-emte^sgM i8d, e 

M4 2 5 d, e <t L-C^£*L-C^-5) ©T^© V U => >?r^t 5 r <t ^ f# 
5c ^^o^7-314, ^SP4 1 2, &traJM£*M* 3 2 3, 3 2 4^ 
3<0£I*|B#K:, *7 7^/<©iIW KSr*«3 5 OrttCDRIE^J; fl^y^l'^ 

tsri^t^So PM^t^T^^^ i o 2 ti, y T-iii^ixT^s/ 

I2 0TU #^<7)DRIE^5/^->^PS77V KrtfcEHSfLfcPM^x-f 
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(DjfmZ, V d 5 7— 3 1 4^iS{C*f-f-SA#l- — if f— A I91i PM 

IESjfeSrjfl^fc-tirS^a-lr^^.toT, Sfctt. Gflx-tf, &ISI# y ~> y ^ >-« 
O^tt^y^V^ (sacrificial etching) <D.«fc 5 &S&ftfl?#IFK:*3V , 'T <fc < 

S**-+ftBBflL PM)fe77^^o)t7 7^A if^^Tir^^y l 0 
2 ift^*^ yflO 4 0|HI^PM3t7T^^"Cf4Jfc< S S^IRJfef&SHfcffl-*-* 

-*&flf. £fc, 7r>f^©ffi«iiaE«rfTV^7— «SS:f^9tti-f-fcJi>ODRIE& 

±^XTj*&mi-mx'foz> 0 ^^^mmmmxn, m^7aioou, 

. r©7^^K7^78 0 0li, I^iiW5. 2 5-f 

ftH^- ( 1 . 6 2 5^f ^) „ ^/£< t ^6i©SlMOf^^^ 10 7, ,&.£>* 
Hi 2i©77^V^MO^^ Kl 0 6£ii;L5 0 UEKSftlHUtJ: OK 

. 77^^Mo^y ki 0 6f4. &«>TM;/hS!©B8nsaa*# V^^v^x 
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MSR MOfV^^ 1 0 7 SrftffitSr £^T*§\ Sfot, t£&&flf<Dp] £5g 

ii2 i b izTjk-tftmomMWiMx*}*, hm^m^-<DMOT'4 k 

7^/80 Oft, Ji&tf^HEftMO^*^ — h y y^$B8 1 0 <b 2o©g^ 
iMOfV^^ 10 7 ^Ii5rim5 0 flfc*^#g&MO:r>;^#- h ]} 

yi?i®8 i o^^t-ta^ttcioT, m^mtmm^jm^m^^x % ^ 

^10 7 (CfeltS r t ^ ft 5 J: 9 lw*5o rcD=r t°-^fLfcfff$g«, 7^{C, 

gps i o izm-TfmmztiZo fl£*^fg#MOxV^#— h y y ^8 

i ofi, «o@^f^^^ i o 7(D#i$^mmx~&&te'<v?Tv7°mmm. 

/is&S&M^ngteMOT^ h V vi>%?>8 1 O^fSttU WfA77 

^/^77'y7-">3yy7 h^i7^rtlMO@^f^^7 1 0 7 fcfEtlc-f 5 

o(±, izMfDm^isimviifeteMOT-^xfjj— h y -.yv^s 1 01*1^ ffi@c<7>$: 

i0 7^tf:i:m5„ 

p?s^ $ tLtcjtm<D'h £ v lx , fsi#j£g<D#:a^.£.t>^- r. a» e> , 

7 7-f^W5J;^j:) . &t//£7cfii/4iSS;|gfi J & 
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— §B4 2 O^rtbg^i^^Si^^-eT'tTV^-^^^^v-a >fc >i^4 1 0 td 
iot^^ttXV^ 0 m-Cfi, BS«*tbfcf^»««4 0 2Xt54 0 314, 
tt<7>(f ife©^ 7— SB4 2 0©T*t, 7— SB4 2 0^-^^> y^gffttPS 

T^ilT^5„ ^COfcfetd, 114 0 2M4 0 3 (V a , Vb) X~M1&&tl 

^3>t^4 1 0 <£>PMt£«: x RoarkOJ^^j £ M£d^ll±5^ (McGraw Hill 
Text meWL 347M) ^b^T<^^T-#X. btlZ> 0 

T = 2jkO (I) 



E 



2(1 + v) 




(J) 
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(1) cO^-{RiJ^fc-5#^2fi, KWtt©^*©5 7— g&4 2 0 0>iM3S§gg{-*3^T 



0 2 (lfc(±4 0 3) tRlttiW^^O^ 7— £B4 2 0Of|OW©/j:^^t 
0<7){irS]*-efc5 o *i<D^/jNJf^ Tdxj &tm£ Taj ^&§L-C. ^ (5) 



H©5 7-354 2 OcD^i/^^^^i-C-fc^o 5£ (6) £5£ (4) (CftA^ 
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T- 




b9 
2g 



* (1) ~ (3) * (8) {df-tALTiI^3t-<#^5t, f£tt«JBE&«{fc<Z)BB 



5*C (9) f±, RMVk<D<$$:<D* y-^A 2 0 ©EHEOHWWiflrKiat LTf^C 
fcSBMfeSr**-. IMratttfcjfrWu R*tte<0**O$ 9— 9$4 2 0 tftWiWm* 

> g%6!)|C^giWf4 0 2*fctt4 0 3t[p]^oT^t5 0 &oT, ( 9 ) 



v= 
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f LE (io) 



o^#St^^ tlz £5 ^-c&3 0 5£ (1) ~ (3) &&^WtlX. k£^T 

k -I, (II) 

* e 2/(1+ v) 

k 

a I 

I.- jat.px'dx-— at.pb 1 (]2) 
"I 

£KliSv^-T;\ ^T$4^a^Mi-?)MiE«^ti^#5o a (10) ~ (12) £r 



J_ 1 I2vQE ~ 
! 2ny/at.pb»(l + v) 



(t3) 



? py^tfe^ v^-rtMEMS-a-fc. Rlttt©^^© 5 2 0 1 1 yv?4 

1 0#\ U< «ir^^E^ 3 8 5GpaT\ ^T^y^ttv^O. 0 6 6T* 

fc5 0 fl-^^^^7t*fiijgiS^(i^^-rtb(Dm-^^-*3V^-ci 9 9 KH z T"fc5 0 

t'/H 1 . V... t;42, V 2 .i 

>"<7)i|i§ (w) 10 10 

f-^^V->3>^>^:$ ( 1) 3 0 0 3 0 0 

■V-X-O-^a ls<Dm$ (ts) 3 3 
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5 7— cote (b) 



10 0 



10 0 



^7-©I$ (a) 



4 0 0 



4 0 0 



$ =7 — (DW-^ (tm2) 



(g) 



0 2 2 0^7 70 3 OOftH© 5 t TSROltiS (V 2 i ) fi. Ii4 0 

2&tM 0 3 kRtofe<D I PJk<D$ y~ g&4 2 0WF^(D^r^ y^flS, ft#Jtf>#?V^ ( 

fi6 6. 6Vtfc5) frit if t>* »«ftW>fc*^l»^«i*Sft*lcJ:i3, #&i. 

55g (0. 0 2 77^TV) OA*-C^St4D, ^ <£> /K-f ^ h T\ ni±& 

mm, mo. oi^^r> (o. 6§o &mx.z>u&x<Dmm<Dm®& 

ft#^{C{± N H2 2©^7 7©3oOfti|©»Ai (Vn ) l^LTB 
2 0 Lfc<BlR]<E>«6fflrtfcO. 0 3 5?&T>'<D!&mt£ik*:<DU&l&m. 

»t5:t^T?l5. iOS^tt, 2flf^«^^*t-*-6f^«I«JEtt, 2 15. 7 

|2 2©-#±©ft|Va..i f±, 7 5 * n ^<Dj£v^(75df> 



be ^ 




(49) 
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5t (9) \*&LTV>£ 0\Z-s£.mkZtLZ> o 



h6Bwt/pEg r 
\t t tlb' (1 + v) 



^ (i3) mmm&m rxi us) ammm ^-<#^-c^t^j: 




(13) 
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b 


s 


a 


f 


V 








(KHz) 




50 


3. 50 


400 


280 


216 


50 


3. 50 


2000 


125 


97 


75 


5- 25 


400 


152 


216 


75 


5. 25 


1000 


96 


136 


100 


7. 00 


400 


99 


216 


125 


8. 75 


400 


71 


216 


150 


10. 50 


400 


54 


216 


175 


12. 25 


400 


43 


216 


200 


14. 00 


400 


35 


216 



(16) 

i.e-t-fBe+kesT 

*<Z)5 7^4 2 0 iti4 0 2, 4 0 3©f a 1©^M©iJI (^H^(75X {7 — 
Xjflil (squeeze film) ) {Cj; <5 i><D tM^.^ft6 0 KM^(D^^(D $ 7— g|5 4 
2 0/55[p]^5 < i r> XMm^(Dj±.t!^mm4 0 2 £ fete 4 0 3 <D_hgf$T? 

ttAn-rs^ ^ni a?4 2 o^;©ii4 0 2 ^7tf±4 0 Sizfafr 

£4 0 2^/cte4 0 3^e>^5^]#^< ^<D!±tiii^(Dmm^^xm<p 

i-5 0 XMmz£^Xhtc<b£ftZ>&£)(D£)%Mz£^x, fcMVk(Drp£: 
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^^^iBi-5i/-r ;^x<Djjm^zm< t\,^mmztffto 0 t<Dmmizmm 

r rT\ M te^Sl-^tt^^O^S (1. 87 e ° Pa-sec) XfoZ> 0 ^^t'y^ 

m*. U-T(D£.o\-femirz>z.bfrx%z> 0 

1 OD 

Z^X\ too tt v * (18) ©#^MT'fc^ ^<7)W4f27-^T^/#-efo 
5 0 ^rA©g|H (o>) 13, WR-ioT-^^So 

H(ffl) = — 5 - 0»> 

±fS<D-fe y h 1 0^7^- ^(COV^Tte, £ =9- 5e ' -Cfo>9, r^f±Q^5 

4$<D^£>^-g|5 4 2 0(7){i{4^, g (c#LT/h£v^v^ft#J«te«<b 

b a ~(D$irmz.mi-zm%i%LJZ^tem2 3 1 2 4^£*lt^5 0 

ftt «T^<7)»iPX$tLfc^ 7 — T±>Zf V 4 0 BffI©«iE 1 0 0 
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7^-^<D2o©ffl -fey h 3 £iry h 4) t^ot^T^TvWfc L-fcM 

jii-T-fcSo -^-(Difi (-r&£>-^ ir^N4) o>&^ itmmm^^^x 

=£ 19 fi:iS / fb$ ttTV^T, LlW^ibllffil 0 0 V-C&«9, {fc^i? y H 
(KHz) liioOKHztfcS. $7— ©tetelcov*T©Wi£-*-5#¥Bjfc# 





t^3, V 3i 


tjrK V, 


t^yi/3^©B (w) 


5 


5 


t7^yi/ 3 y©I$ (1) 


2 5 


2 5 


f-^^>->3 >-co/p:^ (t s ) 


2 


2 


5 7— coif"! (b) 


16 0 


4 0 0 


$7— <DM£ (a) 


2 0 0 


2 0 0 


$ 7— (73i¥^ (tin 2) 


2 


2 


(g) 6 


1 4 




*«Jl«E»OtHfM (KHz) 


9 2. 9 


2 3 


m*mm (v) 


16 9 


15 2 



(3 2 5©^7 7I4, i?y h 3Wt^ h 4 ^*ri-Sf^«j«JE-«rffl|Rl^ftOH(»[ 

M3 
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(H2 8, 2 9, R&3 OiZTjk-ry^^lcmLX, T§Z<DKH&<Dtp£;(D^ ? — 

f-^^<>">3 >CDm (w) 5 

f-*^^>3 ^CD:i:£ (1) 2 5 

l^^^v/a (t s ) 2 

^ 7 — (Dm (b) 15 0 

7 — (7)^$ (a ) 2 0 0 

$ 7 — C9J?£ ( t m 2 ) 2 

*^JH^^ft^:M (KHz) 10 2. 3 

o r<D=¥-t S'T'ffiH fc%ife<Dzp£:<D^ g|3 4 2 0 <DW& £r*ati\ ttfe£f£<£> 
fflm-?hZ>o ^rtL^fL(^^7^^ 2 0(Dft^^^n h $ttT^5o T^Mfi 
, (^it^)(D) fc%i&(Dtp£:<D^ 7— £fl4 2 0 {CI J: o T-^^L i^V ^M«^<7) 

x«tt7^ryfiiT*yp 5/ h Zfrixtev , o. oss^rwi, zm^m^ 
6 ^ ^ *>-<D3?^yy$:#-fz>mm<DWim (H2 8#bs) ^ ^^^{ift 

I£*bfc^ 7^7ty/y 4 0 011 8-10 ^ ^^a£<7)i§Nft&= 3 f>;y7 p £• 



(54) 
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9 4 0 3 b <b 4 0 3 a (DfUL StF®®^® 4 02b<h402a ©Rg) 

Sl*l40«t»ife(E>5 v— £15 4 2 O^tSO^^Ott 1 '^ (x=±b/4) 



<Dm<o xhz> 0 



113 ltt, «JE*t{ifS]^^, S.t>*-^lSI+^M}Cj;oT^fc^$tL5^Ii]mflE 
ffilffofti^LTi^o T^ftlljUco^-Cfi, x = b/47^<bx = b/ 
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ls<Dim (w) 5 

-V-a^isisa y©S^ (1) 2 5 

-^^-<v-> 3 xdj?:^ (t.) 2 

$ 7— (Om (b) 16 0 

5: (a) 2 0 0 

5;^— <Z>i¥$ (tm2) 2 

(g) 6 

*M$tiSt<£>f+#fg (KHz) 9 2. 9 



I.^jLfc^q^fgfflT Srtfl h^j*? (CD) , fV^^/Pk'r 

^v^^ (dvd) % Rzfmm~>XTj*&^&m<D&m£i&mvtcmmfcmiz. 

Ig^tSffl/^&flft-rs;: t , ^p^<7)vn< o^^4#|t«. {^(DWm^tti 




Fig. 2 
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[H3] 




Fig. 3 

[BI4] 



420 



W\\\\\ 




Fig. 4 
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[i9] 
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[Hi 0] 
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[012] 




(66) mm 2001-525972 

im 1 3] 

nd/X. . X=680nm 

• Ait«E* ^ l.O 0 



1 


ZnS 


2 


Si02 


3 


ZnS 


4 


Si02 


5 


ZnS 


6 


Si02 


7 


ZnS 


8 


Si02 


9 


ZnS 


10 


Si02 


11 


ZnS 


12 


Si02 


m& 


Au 



2J2948 


0 


1.463041 


0 


22948 


0 


1.463041 


0 


2.2948 


0 


1.463041 


0 


2,2948 


0 


1.463041 


0 


2.2948 


0 


1.463041 


0 


22948 


0 


1.463041 


0 


0.1354 


3.6548 



.43141 127.8 

.34026 158.1 

.32126 95.2 

.26916 125.1 

30591 90.6 

.30298 140.8 

.33003 97.8 

.30665 142.5 

.31543 93.5 

.31801 147.8 

.29563 87.6 

.29544 137.3 



[Hi 4] 



Fig. 13 



-454 




.444 



494- 



Fig. 14 



"453 



■400 



493 



(67) 



M200 1 - 





Fig. 16 
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[Hi 8] 



416 



104 



350 




Fig. 18 



[1.1 9] 



551 



556 

. ' 558 

554 425 f 418 560 




555 



Fig. 19 



[120] 



551 



323/324 



412 



314 





I 






7 




o 




i V 

\ - 



n 104 



102 



Fig. 20 



416 



(72) 
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im 2 2 1 




[m 2 3 ] 




Fig. 23 



[124] 



J79.77I ,» 
150 




1 


r 




j 100 










50 










.0111215 ft 




-J 







Fig. 24 



I MO' 



[127] 



(74) 
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[12 8 1 



.IKS. 72 J 200 



150 



50 







I 


i 


i 


1 


1 
























































✓ * 






























f * 














/l 






I 


I 


1 


I 1 





0 OJDJ 0.02 0LQ3 0,04 0.05 0.06 0.G7 



Fig. 28 

[029] 

2t5-947 , 300 I 1 I I i T T 




0 0.0! 0.02 COJ 0.04 0.05 0.06 0.07 

ftv # j 0.070 



Fig. 29 



S 2 0 0 1 



[1301 




»Y: .OJ0698U2. 



Fig. 31 
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I^tfcSB] ¥i*l l¥4^ 3 0 B (1 9 9 9. 4. 3 0) 
'(l)BJ&B»Jg5Kfgl 3ft7bmm3 mm 2 2ftm£X(Offi1E 

Hi {4. £§5t5g[flf<7» y ^^MteCD ?7- (silicon torsion mirror) 

l5fl 1§l4<7)^BlcD^T&]^-eD l 9^ofcSii:K'ffilll"efe5o 

in 7 n ^Mt"'— ^sb^ot^-^^x ^<D±mmx&z> 0 

mm&^-rmx&Zo 

i 9 n d f b if— aRS:^ Lfcm^oftMift^i&£^t-iT*fc.5 0 

mi in i2i9(DAM^^^m^^^^i¥L<^-rii-efcs 0 

ii 2n Ei^m<D i / 4&&m&^&fa%^(DmmQT.£ntz* 7-%^ 
-tmxhz> 0 

11 3Ktt % 11 2(D1 / 4fe&WL<DW& km&$L / A*^^X\,^ 0 
114H 1 1 0 a ~ c liZ-Tjk 7 7^^^1I^y. K<^Hifeflg«60>gMB 

1T*£>5 0 

115(4, 110a~ctelt 7 7^f^ll^7F©Wi©i2 

ii6ii Tt^T^/^x-r y^«z)^m^^^-ri-efo-5o 
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H 1 7 a , bte. Hi 6^77^^^f bf-f£ L < ^ LfcHT*fc"5 

O 

ii9(4, hi 6<Dft¥xsf y?<DMi&&m*7r;-rmx*h?>o 

11 2 0 fl, HI 6©3fe^-f ©»3fiS»Sr^-rBlt?fc5o 
121a, bf4, 3fefl£5C7V K9>T^«r^i-Wfffi0-C*><5o 

H2 2(4, fpJ#"5I^<7?^J!jpX^tL7t^ 7— ©3oo|SBlfetg«l^oVNT, I^Sb 
ttflESriBlRtflS (angular deflection) (DWfcb LT*t^7 7t?*>5 0 

12 4(1 |p|#Rr3E©«JliiPX$tLfc5 7— ©Hlfe1»«fcov^-C©ffi*Brt;*S: 

^t7 , 7 7T'fc5o 

H2 5(4, ft#T^<^&»ni£*Lfc$ 7— ©2o©^tltto^t, f£lb 
126 (4, i^#TO©*»^X$nfc5 9— <0 2oo||JtelgflS{i:ov^roJBa![ 

t£f^t^7 7T"fc5 0 . 

i2 7(t iPi#"BraBo*jNB*DX$ixfc5 7 -o 2 ocSIM^I-ov^roffiffi 

12 8(4, ft#^<^^#nX£*LfcS; 7— ©2O0^1fet8«i^OV^T, f^Sb 
H2 9(4, lPl#-5raE©*Sl«JDX$jxfc$ 7— ©2o©^J|»o^t, f£ft 
H3 0f4, [S)#nlM»I^nfc5 7-©2 0Witeli(:o^t, flsft 



(78) 2001-525972 

tcf^M,") $7 — 7^Zlyzf]), (steerable micro-machined torsional mirror asse 
mbly) 2 0 i LT-t^fLTl^o ? 7-7t>7"U 2 Oil < t£ ^ 2 

3 £®5£-f 3)^i2£l^ y ^ 2 2a 2 2 & ^{/{H" -5 „ — fcN0|WHI«:*3y* 

TSEM (M) £*L, Mftlq|feift£;h,fcfHrai£ (actuation electrode) 2 

2 6 t LT- ^{Cia^b-CV^S, J^yr^ (support ridge) W\ 
2 2_ktC^t9ft-ttfb*VC, <l^2 3rtlJ:iB«StL-C*5 9, ^LtyA22at 

{fc^'*<aWi£teJI 3 0 «\ ±«B©$7— X«?<fU*ti LTttMBU — *j-<7)«^2 

H^£*LTV>5 0 P^Pa53 2 a, b «\ 3 6 <h LT— ^6*J{cEl^$ixTV^S3p® 
$7-fcU, RTlftttJi 3 Ocd— «SSr®fei"5/tii)^«fiR$tb'Ci3 9, $7-3 

ft, l-tefr-hfa-S-fZ). n-S-fr^Ztltc— tt<DteZ<9 t ^v^W (torsion hing 
e member) (-ffc*?*,, pTgltSfeSW t ^ v 5 ) 3 8 U:<fc oTlX 9 tttt ktl/O^o 
$7—3 6fi x tt-g-fr-gr^tLfck ^3 8^*t>t)-fc*M^6<jlciBtt$tbT*3l9, 

^53 6.3 , 3 6 b ^tLt^5 0 

tfl^l#l^l$ll5„ MIEli, tt^;b*£ftfc.t i'i* 3 8 fc:* igft 

l^#'fC^Effi$ixfe«fii2 4{dJ; (electrostatic image char 

ge) iaotM->-^ (0) fctf, $ 7-3 6^[H^$-ti:6=t 9td^:fe^tt6 

o 

*^0^(D^[»X$ttfc$ 7— Tir>7'y 4 0 0 <Dfr l^^iffiiS: 



(79) #^2 00 1-5 2 5 9 

4 o 6 &^th£m^-fz>~>}) (t-^m) mi&4 o i &mz.x\,^ 0 mmz 

titc— tt<D^WVt<Dmm (fEfb) ttffia*. 4 0 2M4 0 3i:UW^o 
— ^(-Hl^$tL-t*D'9, ^rtL^tt, < f£^4 0 6 (DJg^tcftoTiaM^tL-C^ 
5c V 9 8flS, I*lb«@4 0 2M0 3i^Mtt^5 0 ^S^v-y 

n^U— h 4 0 7(i, Ii4 0 2 ( 4 0 3(Dttl^tl<DU^i^^^thX^^ 

0 -mittr^m^mt^^^J: o ^unxmhti^^mik(D^m\^m 4 0 s« 
. h 4 0 7<z)^ij(Z)®^^$fb5o ^Mfem 4 0 8 *f[Rj-rssi^aj 

4 0 8 a&t>*4 0 8 b ^«^"T5 «t lMl$t.&tl&, 
ftMizmirZ>KM&(Dtp£:<DS. 7— S5 4 2 0W\ *±*RG> 4 0 8 <D— 

£b t i*iSb<7» y nyyw hjf 4 0 7o#«prt^ % ^ti&fc&nm^xwzmzfri 

5, *H^U"CHS«$itfcC#:?gOWiP^n 5/ h 4 0 9 a , 4 0 9 blCtoTB^ 
$tL5 0 'K^M*©**^ 7-^54 2 Ofi, — WkL7t*HpJ-r5^-ffl!|gP4 2 0 a 
St>'4 2 0 b SrKttS J: 5 fc:fl|j*$;h,«. *fiRj-rs^-{BfJSP4 2 0 a.&.rj?4 2 0 b 
tin fa vxmwzfttz.. "^WSeM<o^ ^v>4 l OiaotM^ 

BTSM4JiOt>'^4 1 Ofi, T»T8H4Ji4 0 8.*»b— ' *^$*LTS3 0, 

mm^mmmmxn, fa^-^m<owmMx.^nti ^ v ~r-^>y v 4oou 

, *3J;^:9 0^b2 0 0*>hO^K)lJ±^«i4 0 2X154.0 3HWt5: 
7— 4 2 Ott, — JftW^tt, ilj^U&tFb<DTN£^:Jo«}; J £3 0 0 * 
SWttW^ifcO^ 7— SB 4 2 0<£>J£8B£, «g£)fi;&4 0 2M4 0 3<Z>M<OMRK 



(80) 2001-525972 
5 0 Al^^ilMt'li, K*N£tf> 7— U4 2 0 fi, t^410II 

^riSfifei-Sr fc#S*UV\ £r£L<te, S3*tttf>f>*<Z>S 2 OS:, «t 

/*fctt»Wft»f£©IWtt, 7^ (lambda) / 1 0 ©3te^Bjft¥ffi£&*£J$ L 

*tfifcbfcv\, faz-si&tD'&MtoJi&frtc^^—T-t^yy 4 0 0 (7>_h3zE<£>#t£ 
, <ta^ (yir^) 4 0 6 ^v-y 0 irtciyfymrtiao 

T^it-T^r ir^T'#5o v'yny7 , U-h4 0 7lt ifb^LT, 1114 0 
2, 4 0 3*^l^tW5Ci:m, 3fa©ffS*t?»< LT 

iitSrir^ftS. 4 0 8 hi, Stttto * 7— ^4 2 0 <z>JS 

15. lP^Dyh40 9 a, 4 0 9 b ^R^^fD^^O)^ =7~ %4 2 0 (Djlffl 

&U*imi±m<Dh>'i?4 l 0<7>T«/£U Klttt^**^ y~U4 2 

0©T©'>y nyyi/- F 4 0 7&|&*LTHiJt£0>^#&tm5;/tfcl;:, ^ 
(etch) Srffiit5wtiS-C§5o ^7K4 0 4W4 0 5 
S^I«liJ;oTMlt, *:ti?in<Dn&4 0 2, 4 0 3tC«ft6«JXtf« 
*Wtft»t5wi*"(?#5 J: :©x y f y^f y^I«4 0 2R 
TI4 0 3— (7)T^ir^^|Sft5fcfe^ffi-r5 w [r]# "I^©WD 

I^ilfc5 7-7ty/y 4 0 0li, ^^^'MDlSfe (bulk micro-machini 
ng techniques) ^ fcfi®^^ffl^PlS& (surface micro-machining techniques 

) &ffijflL-c§MS-*-5w£as-t?#, fcia.fcr, ;©wwiasco^tn 19 

91 SPIE Proceeding Series Vol. 2639, p211-222<DJ. Comtoi'sflfcJC «t 5 TDesign t 
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echniques for surface micro-machining MEMS processesj jdH^^ixTV^^o 

f£KjfllJ±£M4 0 2RTf4 0 3t'iPx5^^fe5 0 £<b(-, R^<D^^(D 
^7— gfl4 2 0 iIH4 0 2M4 0 3(Dra^-it^J£V^^>5/7 0 ^ffl^^Si:, 

SlttSO^^©^ 7— ^P4 2 OOtift^^ «^4 0 2RXI4 0 3^M]£;ft, 

7ty/y 4 0 0(1, ^> ^cdi^j; o/h^r <t v ajst^&^^Tv^ 

H0 0I1 Sl+ttO^O^ 9-'$B4 2 0^nr^ttjl4 0 8tC$ 

<»i, 'M<H-ooff-W5 0lt «I^14ii4 0 8 rofchRj-rsaMfcau 

0 8 a&tM 0 8 b (D^tt^tL<D^/£< fc — OOSP^*. S^tt^+ifccO ^ 7 
-£B4 2 0 <D£1$[if\-t&)tW1to4 2 0 a RX14 2 0 bC, Ztl^tl&mir&o 

*S-C*'5o EUKl^f J:3Kl» ^f5MI^4 2 0 aSl>*4 2 0 b^ffix^ 
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% spffiaiy^-^^ (planar etch) ffl LT^Xvxyf 
#-5o ^-y^f-lthb (etch stop) A 19 HA/fc^® (convoluted surface) F*3M 

^1f-TO5 0£{i;i5*riilt£Jf 4 0 8(DU^li. ^-r >^^5 4 £0^® 
(c^j-r^-r 5 ^® Stf/^ b ^ * - ttxj/f-y^tsri^t'^ ^ y J- it * 

0 ^ ^ n ^^-e^pTsgT-foSo ^^^^iS^-y^ihft (boron etch sto 

p) ^^^^s^fcfi, mm-*imteirif-mt5 o(Dm£iz, mo. ss* 

frtbfoi 0 ^ ? p^*-co«5ffl-e*)5 0 pi«l>i«fiHdsit«[S:*«Wk^s'^jh«) 

(diffused electrochemical etch stop) t^OV ^TflJffl"5jBfeT'fe 5 "HH^ 

■xif— TO 5 OIUoT, Stttt^ 1 ^^ 7-gf5 4 2 Of*, tt^-tir^ttfc 

S»]«flJPg^n5o -Tfcfc>*>. Xif— TO 5 0 tt,- "5T^ttS4 0 8©fl|$ff4 0 8 
a&LM 0 8 b©^©, M&ftt^'f 1 :*:^ 5 7 — £B 4 2 0 0)*^ y v^tf^tt) 
^SiJPSi-6o Xif-TO5 0fi*fc, K&H*^^^ 7-^54 2 O^lt' 

»fc*3ivt\ StlttO**:^ 2 0 3SfftMti£4 0 2^4 0 3.fcS?tt 

Ofi. £"bf^ Slttt©^^^^ 2 oasttJMI*&iB*-C«l*]Lfcv*,I: 
5fci-5* s , r<D|^#^^^^fc#-^^fi, fWlti4 0 24tfi4 0 3O- 

, r-lf— M5 0I1 :©SitttOH«5 7— U4 2 0<DjIiJgf5 4 2 0 a RZf 4 
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fete, xiF— SBtts Ott, #£L<te, #'>I(;5r ttciio-C. SStttw** 
=7— %A 2 0(7){RiJ*B4 2 0 aW4 2 0 b*»b, ~*im&M 4 0 8(7){|iJ*P4 0 
8 aM4 0 8 b^T'<^S§g|WiiAP^P^HXi-5 0 m (beam) i Ltft^tS*- 

at 

ff-OT5 0ll ii*PO«7C h/i^%-£;t3 «fc 9itLt, ty-^iTch^ 
»tS*ittlSHftt4, SWttwn©-;7-ai4 2 0(Oti*t£ LTI4 
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„ xif-gpM5 o©i$ (c) , m (d) (tt), &mmm<Dmis ( 

e) , 4@ (f) TOrot©ittfc5. «2fft<£>5^>-^5 4«i5: £: 
if-(Di?$ (t) ^mm<D^^<D^ 7-^4 2 0<7)Jp£ J: <o t>/h$<-T5 0 

^^fiH6^#BB-r6^, Stt1*<7)^;&<D^-gB4 2 O<D£j£0/5^ #37 

(D*^*?^xtt^>pfbTiiSp-r5^, x = otc::jo^T{tiJj®^4 o 2 (^fcti 

4 0 3) (D^^^^CS^m^^^JCD^fi. x = b / 2 (C&^-CS&M^CD 
"l 3 ^:^^^— £B4 2 0<D^IIJ(W;y ^(^4-^5 H 5 £m>* 

#88^-5^, [S]#pT^(75^^PX$tLfc^ 7 — T-feV^'y 4 0 0 ^g]^ £ ^"C^ 

T J; <0 ^t^fl^*^ 5 , x = 0 t^ft 5 y^g SrafeP- £ 

H5^ia«cb, JWTcD^j4-em0ji-6^m&#w, ftwimm4 o 2rz$4 o 

3 it, 3?Jr v7 P tfx = 0(D%:<X'b&<teZ>£?iZ.. 11^4 0 2 3^4 0 

foWtt&Z. fcj&S-0#5. fWti4 0 2M4 0 3te£fc, fgii4 0 2 a 
£tf4 0 3 a (d^rtL^tbWC. -eivetiSftS ^> yTTOWfcifeS* Sffi^S 

4 0 2 b&t;40 3 bS:it5iiW5. i"Jfcfe*>» li^I402 aW 
40 3 all fi$i4 0 2 bM4 0 3 bi <9 h y ^MBBjJS/hS V \> 15 
Wt, 2o©^t?'^ga, gb|:»5Ct^LTV^^ ti4 0 2St; 
4 0 3fc % ^<£>J: ■5J&^r-'y7 p «:fc< ^A/flStSr £td«fcoT, SiJ<DfU&&# 
Srt*S-C#5. t^o-C. ^1164 0 2^4 0 3^^ 2o©tSS 
ffi (i-^fc>*>, 402a, 402b. 403a, &t*4 0 3 b) KoVTia^L 
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4 0 0 3&<£ttZkfcX'ZZ> 0 Xif — SB** 5 .0 frbmfhXWl4fe1rZ> Z<D 

^Mfi. i^Wimmcom^. ipi^^imiiiidi^ $ 7-7ty7'y 4 o o 

5tV^5 r k\ZWbfrXfoZ> 0 

^]^^(DWmMJL^tltz^7~T±^yV 4 0 0lt M7(D 1 0 0 .{C±S 

^Ttt&^S' Kf^fflf^r <t^-Ct5o ^fil^^^Ttt, (MO 
) 7 s — PtZmRtfft&is^TJ* 1 0 Ote, — IR^PHUSI— iMOf-f ^ (doub 
le-sided first surface MO disks) 10 7 (#MOfV^^Ett>to®77 

©77^^y Kl0 6^fitl/^o :<D-|lO7 7^y^>>Kl0 6 ( 

7°^^— ^T — 10 5 Cio.T, d— ^ y — T^7^^^ — VBlXJ^ 
4/VT^l/7~y 1 2 O^^^tlTc -llOMOr^^^ 1 0 7 ^®±{^4M 
tttf£thZ> 0 IMWScte, —m.CDMOf ^ 1 0 7 K/We— ^' 1 9 5 

[dioTIsIijE^itribtL-T:, -|KD77^^MOa 7 Kl 0 6 ©Wfc^fctfj^Bj 
STJ^rlg^L-C, t©7 7'fy^MOA5/ Kl 0 — llcoMO^V^ 

^10 7(D±«^TfliM®»±lF(5*3j;^ 157^ ^Dxfy^©t^5l')fSt 
fc^ftl^li^-rSo rcDi§7j{±, — li^ir^-O-v-a V l 3 0tcJ;oTAPx.btL 

i o 7^®7j^«iixfc, ifr^^tcfamttm^mnzriZo 

^rAlOOIl u— if— Tfe^T-fe^^y 1 0 1, 

0 4, RU— lacD^.— ■=&— KPM3fe77-f/< 1 0 2 ^fitt^ 0 rro— 
— ^e— KPMTt^r-r^^ 1 0 2(D#^fi, —m.<D7?^=L^ — ?T — J* 1 0.5S 
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if— m.(of^-<>->B > i 3o©wii-o^Lt v — ia<D:77-r x^mo 

— y Kl 0 6 ©#-oi^^ti^^t5 r t ^t"# 5 0 HS^tftK-fSt. IpJ 

#pr*©«j»aox$^5 7-r-fe>yy4oofi, ^s^ittsu-c, ffits^ 

-if $12 3 1 ^iit^5 0 *>SIQtetBtlt-C»±, u-if^-f;*— KIRtt, RFi& 

•fM2 3 1^6 3 5 — 6 8 5 nm0«H?8l^t5)iS, ftilfDj^igifccD I — ifSfSr 
ffflm^tTtSo if— ^Tir^y l 0 1 fi, £<bf-, 

%k (collimating optics) 2 3 4, {&fc&&WtMtl¥—J*XZ7'V V$ (low wave 
length dispersion leaky beam splitter) 2 3 2, S-t^-o* ^ 2 3 3 

*.-cv^3„ u- if^Tir^^y i o m, (iffiiftfli* r« 2 3 a: 

Bffiytls— if if— A l 9 1 £r7fc^*-f y^l 0 4 (El7tc:^-r) {C[R]ft5o v— 
f^fTtyT'y lOlli, £<b^ 1/4S^1S2 3 8, ^7-2 3 5 v M 

tf-^^y y ^232 ^ix.5o & i (Dummmx^ mmmytRmi — i?f 

— A192 (II 7 fd^i") ^^■7f"10 4iaoT^^>'X2 3 3}; 
|S]ft£>tU aitblf— A*:/y 2 3 2Kl.fcot\ 1/4W2 3 8, 

2 3 5, XtWH3fe^— -^^7°y 2 3 9*»e>*5» 'M^tfetHSfciSfcixa. SB 
2 wHlfi«8«J-Ctt, u-if3t^T-fe^^y fi±IEO<t "5»w«MB-r** s , £"bt-, 
u— if as 2 .3 i t =i y ^-f^y^^yx (TO^bffl i/^X) 2 3 4<z>WIK:5te3 £ 
#StS2 9 7<M»;L5 0 S^affiK^T+SH-teASft-C^S J: ? {d. 
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/<!7-^ittS^, M5Mf-$rte. -iOMOf>f^^ 1 0 7 <7>— Tj^SfCiS 
ft 5 77 — J8i*K: ioT4 C S<H3te® OlHHE^BiflSSwRS £ * 5 0 V ^ttOlliS 

At u--if tf-i» 19 1^1, SAtV'— if t"--^ 19 2 S:lftai--Sfcii>ofl&oa 

1911 D F B U-if SRSr^tfft&tttfcTfc^'*:* (3tl&) Sr^i"B|-C*>6. & 

— KPM3fe77-l'^ 1 0 2©-O, &t;-ia©77^y^MO^S' 
Kl0 6©-oa5^^t^5, 1 0 411 (U— if«2 3 1^H 

A&fl— iff— 91^, ^iim^-^-KPM3fe7 7^^1 0 2 

^#ia^^75^[^]ttS^{-+^^3l^^^W-rSo AWw- iff— Al 9 
1H $bt-s t-^e- KPM3t7 7 ^/n 0 2 t iot, 5Sv^o^«PSra 

t, 7 7^ y^MO^y K 1 0 6 S:Ii@Lt, #M07-f 1 0 7©SIIEft 

l3 4 9±lc^H5o »*bv^K£lfi«-ctt, A£fw-if f-A l 9 l H d. 

FBI'— if«T?*>5itt4Slfll3fei — if as 2 3 1 tcto-Cffi^^ixSo »*»31 (D 
FB) K i — if^Cfl RFMi7 7 7"y — 'o^t- m — if kit* 

mt£<9. u-if*««rt©«*iKR»-7-S?*S:ftffi-t"5rt»cJ:D, ffi»-CSfe# 
«OJ»i— DFBU- iffllT'fcS 1^-ifM 2 3 l^b. it 
i»«*$;tafc7fc#¥— KPM3t77^^1 0 2rttc»*f$ix5»^fi, t£7 
7 4 '< % m X <4> < % tt 7 r << tt <J: AW filTfc CD |BJ©*Mtfl«j J&S ft 5 

n^ah— Ku— if«-C«HR$tL5t©i:tt3ftI!BW'C*)«. RFttSEWu— If* 
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$*fCx @^^l$t&fc-5Wii£;>j{g;^ (stress-induced) d J; SAPfef-J: o Tl£"8- 
0 MOfe^Ud&^Tfi, SNR (SNJt) £2 0~2 5dB 

So ^oT, DFB •*fM&{£.mi-&m'&iaZ. W—^:~¥(DVM%yr^y< 
1025r, MOf-f^^ 1 0 7 ^(Dim^r%(Dmiii. Sl>'MOfV^^ 10 7^b 

^f^oMOffl^ij^-rtbtf, (mo) 7 s — ^isii&tm^v'^A i 

tf^##^^W^. Alt I— iff- A 1 9 1 te, yf- 1 0 4(CJ; 9ft 

KSrSlR^ti/rMOx*;** 1 0 7{£i£ib*U ^ir-r-SiltR^ V h 3 4 0 
. t tMO|E^Jl3 4 9<D3^y — fi|ST«t5;tiaot % ~(D 

Me^i3 4 9©^^^{£T^-&5„ £?£L<te, AltL— f t-Al 9 1 

M 

Of^^^ 1 0 7 rjbfo] # J ^7tfi rTi^l^J <D&£E (magnetic domai 

n) zwfe-f&tzibiz&mznzo ^<D&mi, m^-mm (mfm) tu^ob 

tmmisX. A%i\s-y s ¥-j±i 9 izmmirzi-btfxz z> a friz., r^ji^ 
$tL^c*j-^i-rs^7K-/> 3 4 oas, 4 9x'/$ j $>£tiz>b, mmtftti 

tf^^St^tHLOPp^ AltL— if l 9 l (St&^fcit^T^fitg; 
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*/}?;y h 3 4 0T\ ^J— S&*t-«fc9 (SiBI 3 -4 9 U-f f-A 1 9 1 «Sg 

E©Ittl^oT, NfI+IU D d^^fHH •? <^>V^tb^(D[6]# 3 6 3 fCHJijE 

fi, 77^ y^MOA 7 K 1 0 6 £^L-CStt&ib*l-C, KPM)t7 7 

-f^l 0 2(DjsV^^^tv:A6o is — if tf — 1 9 2fi, f-*- KPM 

^ 1 0 4^ioTMS§^il*R$tL-C. ff -5§-2 9 A^<Dm^<0 7c #>\Z. 

U— Fft*£T±^7V 10 1 tdfci*£tl,5o 

Ell 0 a~d(±, ^tb^tb, %mU^ y ¥<n±Mm. fUSEk smiy 
Silr^tiT'fcSo — ^ 7 y^MO^y Kl 0 6 fi. ^— <7>ft^#J&7 

V^MO^ ;y K^P^igbTt^PJ-rS^i^XtSc 01Oa~cm 
(Oftm&}te-7 7^ V^MO^y K 1 0 6 — ^KDSIEMOtM * ^ 10 7 <7>— 
0(D, ^SlS^il 3 4 90Jbf|5*fc{iT^^--^tL^ ^ i^@aM$tLTV^^, 0 £?£LV^ 
^m^T'{±, 77^y^MO^y Kl 0 6fi. *7>f ^f^M 4 4, £J£^F 
^55 (air bearing surface) 44 7, agiUM 1/4 4 9 3 (HI 1 1 ) v 

[^]#^<Dm^PX$tL7b^ 7— TirV^l) 4 0 0, ^U^X^JM 4 6, 

St>m^^yn 6 03HI;t5 o AMft&3im^-r*te, 1^^^4 6 011 
#<o^^/u--efe?) 0 w<z)^#fi, mJj(om&iz.$3\<^xm£ 3 0 ox;^f-7 k-c 

"5 . S^B#^(i^4 n s T?& <9 % 0gMOf^7^ 10 7 <£>®tCfSt£M:T*&> 

5l/-f t-Al 9 1^1 9 2tf, 7 7^V^'MO^y Kl 0 6£iioT[H]iSg 
MOff^^ 1 0 7^[6]/^9fl^ ^/c^cDi^^C, ifl&ffim-f&hOXfo 

o-cteft«b&v\, ^7^^4 44o^^ii, h^^cd r ^ y j , r^^o 

X#5o 77^^MO^y Kl 0 6 ^^i-5HU3z!!^1t^^O^S^^Tf-jfe 
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&tf/*fcte3te^#teK«fcoT&*<5as % ftfO*^OX7^^*4 44$: 
ftffltSrit^lS. t£oT, #iBfc|SJfclBfli-CHu ^7^«4441t 
ioi^ 8 8 9 ju m<£>iti£, TkXfi-f- S X 7 4 f (2 0 3 2(jmX 1 6 0 0ym) (7) 

(4, 1 / 4 j&ft^ 4 9 3 (i % — 3^(5^2 5 0 u mCDlE^^X^ K) , i?£#(S 

^i-r^iSS-e^fM^^g o (±3) ^-e&5 0 m 

— ^e— KPM*7 7^^1 0 2(4, L< 77^^MO->y Kl 0 6C 
V^flSE (v-groove) 4 4 3, £ fcf±te<£>3g-£Jfc:fc# $ V^/Kd 
iot, 7 7^^4 4 4©«]|:f ( iot^^5. *-*-KPM3fe7 7^ 
^10 2(4, V^4 4 3F^dIES£tL-C, $?£L.<(4, ftJild^^^^Jfi 
^fLfCTfe^^^^ b4 4 S^CSip^Aft^-^tf-Al 9 l£*f< 0 
^-KPM7t77^^1 0 2(4, ^(^^^b^tf^v' (ultraviolet curing 

epoxy) ^tztemmtemmm&&m-tz>^tK£'ox. ^fitni^t^i 
^lt, BBit-rsr i^-c#So ^)#«rM»i$nfc^7-7-fey7 

H00, 1 / 4 jgg^ 4 9 3 , >Pj-#)^^X7fe^m (objective optics) 44 6 
(4, £?l£L<(4, ^7^^'*#:4 4 4^^ff^<7)^^-}*^ifif^i-Sw<ir^ j; 

4 *?l<z.fafroRZ£^:^frt>!&%i1rZ) V— if fc*— a 1 9 1 XV 1 9 2 *5V>T5*c;b 

u— 

iff— ^1 9 1M1 9 2 <^»ffffig|5£^< £ 3(C+^*#/£t>0-T;-#(7tl(4 

fa%*i^<D'$LmtoT.£titi$. 7— r-fe^^y 4 o o^s^M*^*^ 7— 
4 2 0(4. ft*e<j/j:3te^^rt"effi*^*>*$nr, am^— if tr— a 191* 

*j-^l^^X3t#^4 4 6W1/4IIS4 9 3£iILT##, SWU-flf- 
A192^ MOf^X^ 1 0 7^bl8WU- if t£^T1? >-^' y 10 1 \ZM< 
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o »ftI/^X4 4 6 fi, P?3P^ (NA) 7^f£f£o. 6 7©^^nuyXtf5 
r fcAS-C# 5, Kg 6 5 0 n mtO AMW^^M^Tfi. W * n l/>Xfi N 
«l£ 0. 54^ m02mfii«^«Mt3ftft (FWHM) ^ttS^^^y h 4 4 8 
,^^^5 0 ^^Dl/yX|±, t^T'^ V^°7 h^R{tiff^<7)GRIN (JStFf^S 
uvX4 4 6 i:t5ii:m5, RffiJEMfcfc-*-* r. t X <9 » *7-f 
^#4 4 4rtfd^ftP 3 tbS^PlH5^l|X^-r5¥M^R^^>'Xrt(v:, U>-X 
4 4 6 £fg*Kl*¥A-f5 - £ 0 3*ffiiR^Sr*/Mc H^rRR*-^ (di 

ffraction-limited focusing) -5 7c *6 , GRINU VX4 4 6 fi x 

WT*fe5¥£i U VXt ^5 X pldTO-TSr £j&S-?#5. GRINU^X4 

*R^fc**:lfe*ttfc3te^aKy h44 8 ©t^ X^tf^< o^w^ioHf 
'TfcSo A^W<CHJ6fl8tR-C{i, GRINI/VX4 4 6«Z>aS$ttfifS3 5 0 jam, ft 

m^mtm^2 o o M mT*fcD, uyx©iii}i!5ff2 5 0 ym^tsra^ 

# So «ai<e«l^t)-e:ttGRINU^X4 4 6 OspMfflfl-CgC 9 , L< (5 
t£2 5 -7^ ^ ©Mg|f ^tt5o ^ratffi4 4 7 0j?S-rSi*IS 

ixm<Dmmmmx-n, m.m^}^mm^m^^u&4 9 5 (no 

b &rj? 1 0 d tc^-T) Sr^tpi i«ll6«j.^PiaEpri6*3t¥«PiBiS:¥— 
FPM3t7 7 ^^ 1 0 2 "fcStttt© 1 ! 3 *©? 7— £B4 2 0©MO3te^"«^rt 
(CIESUT, Alt — If tf — M. 19 1 ^_ KPM3fe7 7 ^^ 10 2 £rtU5 

ttts;Mfc{iLW:4 8 6, 4 8 7. &t>'4 8 8 £r"atf =t 5 ft^Tjf ;y h 4 4 8 £ 

AM^^^^^{C»ofc^^Sl5p a p 4 9 5 (Diii^^fb^fi, #»]3MS:4 3 3^ 
*7-r^#4 4 4(C, &t>\ ^^ B ° D 4 9 5 ^U^i" 3& 9 tttf^i-. ^(I^Lfi' 
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ffl£tltcMM.& :! &-t OiSb^^U-^X (dynamic focusing lens) 3:, 

PLZTa-f ^y/ifl*^tJ*fc*o^57-f y^WyX (holographic le 
ns) gp B B D^Pj«fiKi-5r t*s-C#5 0 <^ 

M#nX£tLfcT^^— *fi, *-€-KPM3t77-(^10 

X7^y*f^4 4 4±<Dft!lc7)7c;#^p 0 o^*fi" ; 5¥-— ^e— KPMTfc^T'T^ 10 2 

fa^-^ORfl-*, 1991^Wf@^|g-fr>'i^S.t>*T^5 : -^^— ^ (Solid-Stat 
e Sensors and Actuators) tdH^"SISI^#^T\ W. Benecketd <fc <5 TSilicon-Mi 
cro-actuators : Activation Mechanism And Scaling Problems, J (D 4 6 5 

^&tfifi< <75 F7«>^^OMo->-^if|ll A^l^— i^tr — 2> 19 1 cofe 

tLfc=: 7-7ty7!J 4 0 0(DgWtt©^©^7-|R4 2 0^, [l]te$ftc7)^^ 
^iHe^^SrttioT^^tiSo S^©4'*©^7-^4 2 0i4 IE 
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W)W>W4 0 2RXI4 0 3 ^||»«JES:PP*P-r5r. <b {C J; oT0S$tb5o S&4 
0 2W4 0 3 (DMShMEilC £ 0, S*ttt<£> 5 7— S3 4 2 0^t>-^4 1 

8^, MOlftl 0 7 ±*>3M£#fRj 4 5 Ol^itSr tm^J: 9(-^5c 

mo/^^^ 1 0 7GD;ie®fc:io^-asf£±4 h7 7^i-ts^t5„ 

^10 7 Sr«|»fi-5^0D^<5fc^x^5/ F4 4 8W^i, XtTStt^— iff 

y^^ttU EHET^aac— W^'f^T-fey/y 1 2 0.(0 7 
) ^©illriStSi <t{Cj;oT*i^F-r5^i75S-t?#5o MOfV^^ 10 7 

^7"y ^^^tt7c-fe ^ xj?!7;i-*— 5/ h (sampled sector servo format) 

^fflbt, ^-^Srimitms, 3j?7*— ^5/ Mi, MOf 
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t^^^—PT — A. 1 0 m.<vy-*^^^>3 > 1 3 0<DW}%lcm&t£< . 

-U(om$*im(D'$Lmi}\iT.£fLti* 4 0 0£34:&^®b#$-M/c 

^^.(D'$imiJUT.£titz.^ 7— T-fe^yy 4 0 0 SrHSfefll LT h 7 y 9 i£l$.£.0^>— 

^yf 104 tei&T L^^-e«/^v\ 

^tm, SI 1 (c^-Tj; RUteoa&K (S*tS=K) 4 2 0, 1/4 
iSS4 9 3 s ^l/yX^l4 4 6, I^-^e- KPM)fe7 7-f ^ 1 0 2 

£flt;i-cv^ 0 RF«iu-f 12 3 1 ^ffitSHllifli, ^_^_k 

PM3^77^^ 10 2ft m2<D±f* V h 5 9 9 1 ©"fe ^ > 

h 5 9 8*»P>«J5fe$ixr*5Q, ^Hfil©ty^yhfiiiitt (fast axis; Px 
) (slow axis ; P y) £rg-A/TV*5 0 ^ 1 <D± if* *s Y 5 9 8 Ojgfftte 

, £f*L<f$ x ^2^)-fe^p< >- h 5 9 90iltti:{iS^-e-^$ix-CV^„ Alt 
l-ft-A19 1it Ox^tOy«fU 0£L<fi, fill coir 
> h 5 9 8©P xtta-VPytt^Stt-UT, f5t£4 5 m<Dfi8tVWMMyt£tiX\,* 
5o l/4^S^4 9 3fi. ?t^XftX\ $2©t^yV5 9 9©P 

tBfl*t?tt, l/4SS«4 9 3fi, — 52^J5i£2 5 0 n m(D!Ejj : &ty;X*fo<9 , ff 
$ 8 9 // mtfe 9 , LTtti LTV^5^l^^t^9 0 (±3) M<D 
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9 8^5 9 9 <^^|!KJ!HH£, ^JS^tt^^^-^^L 5 «Ifgt4^fo5 

o t£oT, OxS^Oyl*^, ^lWl2©ir^7yh 5 9 8aU i 5 9 
9^iio-C^jt-r?.^#^, Oy^«Ox^(-*fbT{iZ:ti*fctt^7 M"6 
o i«OxMOylt m2(Dir^V >- h 5 9 9 (D^3j(nmn*:\tiX , 
SS4 2 0iaoTSlt^tl, l/4Mfi4 9 3©tffitAMt5. OxS(; 
Oy» £?£L<f2, fcMmfa4 2 OcD^rMwM^'b (51l^<D 3 %f*|(;i) 
#J— tCSlt^tL^o Ox^OyM^i/4iSSS4 9 3 &i§i!i-<5 t # (C, 

RM^Anx £?;£L<H Y <M-fe#^5<S7fe^£r^1- 

5A#tiE£§HI^-& ; 5o rcDA^tiSIIHI^i. MOf-f ^ 1 0 7 ^^Slt 

T*fc5 0 MOf^^ 1 0 7^^(DSIt(-=toT, -etb^ORil^^fS]^^ 

fcaNc, 1/4^*54 9 3 ^2[US{ciii§^-6i:^i-(i. (D^fiii: 
^Tfe^T x {Z^WitStl. tE~£fr<() <D$Lft\tM%km%tiL9?T y \Z.^Wk£thZ> 0 
gWl/-ft-Al 9 2WTxWTyfiMtt, $?^L<fi, A#t^-1?fc* 
-i^ 1 9 1 ©O xRt;Oyli»I^Ut 9 0^@fe^K TxJ&#f2, Ty 

xn. PMft? 7 ^ s<(Dmj£tfizmM^w>&x£ ztetiatrnki-^^o ^x 

, SlfL'-ff-Al 9 2©TxIM5>(4, i2St;il©t^yh5 99 
&t>*5 9 8 ^iioT^jSL, Tytfc^fiT xf&ft^tt "b ^<fr /ctt&fg/^ ~> 

7ff5. rc7)^^-Ct±, mi<D±7~* ^ h 5 9 8<£>i£V^<D#fSg&£ffifc^ ^ 
Itu-if t-A 1 9 2<^Ty<!3 1 !:JiSc5m, T x d^:^i-*f IT, $f^L<fi, 



(96) #S 2001-525972 

fiflin^-cfco. u— rate^T-t^/y 1 o i©i/4$i«4 9 3tCcto-c^ 

fctS^JKy h 3 4 0lwffift£;h,fcW$R&ttl;*j{ri-2 9 4 i UT^H"^^ 
05 9 g^Jzo-CJIfASixSttJSSfoai^Sr^Mki-*^, 9 3 

S/Mbi-5o £<blC, 1/4&:&E4 9 3fi, K*ta&K4 2 

tEfli^tLStot urw^^tb-cv^jss, ft#©nifitB«-ett, i/4mmffi. 

nm\s^X%^-&A 4 6 irMOr^^^ 1 0 7 (Dm^MEW.-t^^ kbX$Z> 

a 

#380! -Cft, RFMi/^f^t- M^/iSu- f$C2 3 1 (H8).S: 
^ffii-S^ £ ia "9 , KM^— ?\f—J* 1 9 2 0^7^-K^5/^Cl/-f 

Sttfcttl 0 nm(D^ : igcit'S^^"i-6) -r/i^-t— K*-^ h/HKH44rW"f-5 l'— 
1f3fe<B3te«* LTttflsU l/4^g^4 9 3 & y-'l2 3 ' 1 Oflir«« 

fcfrtaxmfE-rzxo iz&m^rtzztizx^x, &x\^tt^xttfc-tz>$m 

i/7hSrf/Wlit5Ct^-e#5o L^L^^P). AW^-f t-A l 9 1 WO 
xSU=Oy», Il©t^yf 5 9 8©PxXi;Pyttl:*fU4 5^T' 
**lJ:ffi*'&*>-fr$ttTV^<CVN»^, &T>V£fcfi l/4««4 9 3^i£5t(c: 
l / 4 «#ttT* * v , S. tJ/ * ft Oftiltf) ft&m p°p #&fi-& 

^ftTWiVvg-g^fit, h 0&.T>\ tot, 9 4 f£ 

Mt5RF/-YX^|j:, u— ifM2 3 1 OjSS(7)^> fe LX^LtlZ t 

\,^o^tt)K %m%izteMm£tiz>xh?>o 0 t^ox, nmtai. ^taio 

fll^-fl2 3 1 ©a£S<£>*$>(b#*K:J:o-C, ffl;fc(f -§-2 9 4 Oft -f Xjfc 
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il©t^VH5 9 8<D&$&&. |2©t^y h 5 9 9 (7) it 

^EtLTV^o HWl2©t^yh 5 9 8M5 9 9il ttMtt-t&m 
feWLX'Wiifi-ZJ: o^mfeZthtc, TfflSO^— FPM^x-f^l 0 2/^fb 

&brLtcmmmm&fe$:i$imi,x, m2(D±^^>-b 5 9 9^-a^tu n© 

h 5 9 9<Dig$4^ig^^-&$fL5o IlSU ! l2©t^yh59 8 

&T>*5 9 9te. £P£L<{3\ C^t 7 7 <4 '«DmM* y h *k L 

<tt, lmm^ffiSt^CI^CtOt^So m I RUM 2 (D-t ? ?>■ > h 5 
9 8M5 9 9 W^tb^tL^&S^^e^i-Sii:^{l3fe^tL7C^^^^Sfi^v' 
2 k b L/ X^ttm-tZ b«PM^7T-r^^S^-t?fci9 

o ^ot, ^xt'*5^5^^r«. im^y h\Z-te\,^XMfc-tZ>«Pb€$:±^ 

6 0 PM*77^f^l 0 2©IlMl2©t^ >- h 5 9-8M5 9 9 (Dig®* 

&m^zw.nwiLm£-io j £i-z>^b\z£^x s &u?2o<75i?^v > t 5 9 8^t>* 

5 9 9tfm£mtM£<Dh<nxfrZ)J:o^mtR1rZ>^ ^iaot v 2ocDir>V 

*mwi$wfei-z> 0 mm^n. oxiif^^jE^cDmrnmn. miRnm2(D^^ 

* > h 5 9 9 9<7)g£(7>itWc.tb#!lU ^tL^^L, t^&flf ICtt^T, 

ttj;Wf^-2 9 4 0RF{My-rX{iiSM$tLS^fo^> 9o RF^Mu-if'gl2 

3 1 &ig.m-t-z>mis&WMX'te, mi%.-cfWi2<D±y* > h 5 9 8^5 9 9^ 

^Sfel^{CJt-<T. tii^ff -§-2 9 4 cDfg^y XJtte, {3U3T4 0 d B&#£*1 

So 
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. m 6 \z.&tns 2 (Dmfonmx'fe, zns (m\,^m$tm wsi02 (m^m 

^*£*l5o 11311 ^S-Cl 2<^ii^W-r5^6 < )^^SfefiHt{CoVNT. 

^#<^5i9t, St>\ ^m^Zvt 6 4 6^©iKijJHH3te$Hfc3feS(«>A*t3fe 
(AW^4 5 (±10) <£>S#tJ&#^ 9 0 (±1) «0(£ffiiitbiSrS 

tt5«fc?tc:, S*t»R4 2 0t^«[iir$nSMfliiJ«i$*L5. ^^AM^J^^M^ 
«Rt 5 I i: *ta Lt* Lfc < , (BlOfiMfiO, Xtf-ttb-P 

;h,#»fc3ff£&fcoSfc3#<z>Ji«:, S#tS«4 2 OCtffSl^m^ 

o * 2 <a2»6i»«-T?w\ &m*t s/^ 6 4 6«, i/4iMt L-c«ufr*-s. 

l/4j£ft&03;pr$)#iiW6 8 9 fit, Jf* L< |2Ct^ yh 5 9 9©P 
x&UtPyttWtt, ^7rtf4 5S©^gt*f i^M^tlS. t£oT 
, ^2£>0IKS*B«-e«U #g** 6 4 6tit % Altl^-f t-Al 9 2WTx 

mi^mm^ti^umn. B^v<nmmm^±r^h(Dxn^^<DX\ mam 

tlt>Slt$tA»^| (azimuth) L/«£l\, 

0 6±cDf@SiJ(7>^:^o C3 p (i-/i*3*>, S'J*<75 l/4}^g®4 9 3) ©*«r^/i< 
fSr^iaot, ^2<DHlfe«8«l0 1/4Kft*R#S^^y^ 6 4 6f±, Sit 

^Tir^y 10 1 Otjiffi3t^^aSI*aE3E*fT9 - tiot, 1&<D94-7 

0>fl5}te£rgS;i3I^ 0»Jx.fi£, 7777- E^T" (faraday rotator) 5:77^ 
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o 

mi 4Rx$i 5&nmiz&m-tz>&* mi o<Dytmm.7*—?mmB.v 

S4^rA 10 011 77^ ls4r%m$S^y K10 6 SrtitxLfclR] # "T^<7)M 
flPI&ftfcS 7— Tir y/U 4 0 0 frm^tP- ttCtoT, MOfV^^ 1 0 

ttt^o 11 0(^t^7^^*^4 4 4HiLtll ^7-M4 5 3^ 

tfS-e#5 0 ;7- Jj*«4 5 3li, iiLfclgffl^y K4 5 1^4 5 
if 

rixfcH (pit nT^(7)^|ffliPX$ix/c^ 7— 7ty7'y 4 0 0_LC:I£M£tL 
fc— K4 0 4RX/4 0 5 (H12#BS) [c N ^»«JE S: JO S 

^gE?££M4 0 2^4 0 3— <DmmZft?tclbiZ.®imLX, K4 
0 4&^4 0 5^(t5^^^< U iot lWyK4 5 1 

W4 5 2 W&m&frlt-f Z>tzlb(DttM-f Z> X^r y < rim5 0 

L7c#^(D|IM1tT*fi, ?7-^a4 5 3[i^i^ T^ir^/BTt (access 
hole) 4 6lM4 6 2^iitfci) > iWciot, i~^-KPM^7 7 
>f'<l 0 2 7^fb,R&H±<£>4^<^ 7— g&4 2 0 ([l]-ettimiX-C^X^V^) Id, ^ 

Ut&li, MO7^^i0 7©iii:, PfS^<Dftv^^*£^#rr5:: <h 

^-C#5o V7— ^£B4 5 3fl fa%sjm<7)WfflDl\Ji£tlfc^ 7-7ty7" y 
4 0 0C, 7t77-f^l0 2 75^(D7t^^^^^LT4 5 ^(D^^/cttlHlte bfc 

*&4 4 4&U^ 7-^33 4 5 3 ^SU^MAOXU 2 0(D^ 0 B p'^^ 

f^K'^tSr^aoT, ^ 7-5:^4 5 3 ^77^«4 4 4«<9 

fl ffi©aS^fflLT, 0tf*:H $7-7ty7'!) 4 0 0^, m®te±££<D 
^fyT" (P^S) 4 9 3&t>*4 9 4 -Hixfc. iS^I^7C# £ <75X 7 -< VlZ±Xfr 
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vzzkfcz^xni-tzz. t&xzz> 0 ^(omMmmx-it. ^7^^*M45 

^ ?'%:fo4 4 4. St;PM)t7 7^^1 0 2 £{£3#1-5fc#><£> V^?t 4 4 3^ 
0 7±{^3fe^^y h 4 4 8 (11 0 c fc^-T) SrlEflfcK:?;*— i3i/i/y (MM> 

7-^/<;*^f 10 411 JtM%^^7- A 1 0 0rt(7)/jN$^^^/--*ft L/9>i&^£: 

- KPM)t7 7^i o 2 t if^r-fe^^y ioi — i&c^5t^ 

^g®3 5 0 S WlJPX^tlfcy-7-7^7n^-^ 3 2 1, m^PX^^c 
ftilfttf) 3 2 3St/3 2 4fabmf&£thZ> 0 *JMVkntf3 2 3^3 2 4©11 

tstifzmm-tzi&m-z. w ? u*—* 3 2 1 (D-5TSbaa^^t^3 soio^ 

fegfC^r^iX^^ixSo "6I^t4^W3 2 3W3 2 4 OS^Ii^^-T 5i£ 
-7^^n^7-3 1 4XOP^i-^PiM$tl/c'fia^^^tL-C, mu3 

^«w^^^$:^#fc-r6 0 t^m^mmmmxn, ~%&<d%7t-( ^1 0 20a 



(101) #^2 0 0 1 -5 2 5 9 7 2 

V 1 0 1 fab(D£&mm&mZ>Att\> ' If tT— A 19 111 5 0{CffM£ 

SaSUSrilt), ^tt{CfirM^ii-$ixfcGRINUVX3 2 9£iii§LT, ^7-3 
1 4 (DfcftmKmfrtlZ* GRINU>-X3 2 9Hu »*L<fi, I«3 5 0Oxy 
^■V^^tbfcjt^^t-iaM^tL-So GRIN 1^X3 2 9j5»P>fctJ5£ % u— iffcf— A 
19 1 ^n;7-314 S^J:oTS#t$tL^)o 

jg^O^m&^-^-Y * D^e — ^ 3 2 1 {C^pAp^tLT, Alt \s — If tf — 1 9 lis 
51 7—3 1 4J&»bKl*£*l/T\ -fi©3fe7 7^/n 0.2©M^$tl 
fc— o^**^5„ n-e-^ 3 2 1 14, ^IittM3 2 3 til (jSfcfrfa 

£cEP3 2 2 X'7jk-t) -^-T ^d; 7 — 3 1 4 £r^r<£>[Utetttf>£fc>t) tUtfS 

^S)$*5^iCJ;ot, sjm^U3 2 4(c*j-L-c^coH^e^5 0 rixic 

iot, W^n? 7-3 1 4(1 (TOfR]^EP3 7 0"C^tSK3 5 OOSfd^F 

W^^7-31 4©^flilt W * D^e — ^ 3 2 1 fcEP;jP£;ft,-5mfe{C 
iotftj^ At+i/— if t'— A 1 9 1 14, GRINUyX3 2 9^4;oX, 5:7 — 
3 1 4<DS£f®7^ib|£5 ^ n |lco^-r ^ b<D— ot^^^-a-^iir^tbSo 

£?£L<H ^tbPxatf^fV Mi, f-^-KPMTfe?/^^! 0 2^M'il 
(Dfiv^(7)^t^i-So 5 7— 3 1 4<D[Hte51i!jcotEiaf4, £?£L<te, A 
Itl^— if f-A^PM 7 l fi7 7-r>< 1 0.2£7)ftS^— o(C^< (DlZ.-tftf£h<D-Ch 
5o ±IE(D®rt[Hlte3 7 0 fd i «9 , — oo^:Pg<D{i[p|S.0PS7iS#^tb5^, 

^tLfdoVvxfi, Hi 7 a, 1 7 b £#Bg LTt&0J!i-5 o 
8l7aXt?17bttt, M4 12, ^7-y0^Ml«ift 
mm(0 Tt^v^J IH54 16, 2gBJi^ — ^4 2 5 s ^ — ^?^$iXfc^2<7) 
%B.mt®)mU4 1 8, &tfS#t^®4 1 5^$e>lCfxfc)t^-Y yfl04 

o ?; 7 —3 1 4(DmffilZ.ffi.m£thZ> 0 -v-l V a ^ 7 — 3 1 4<DmiM\<D 
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g{S4 1 2d»e>**fi«jJJ:lfe»U &t*S 7-3 14 t3t#SB4 1 2 0>IWte«3te£*f 
§B (structural support) 2o(DM»t5 0 

«^4 1 8 {4, 3MB#4 2 5 >"fb£*vr:}3 H 

17b (DMffim\Z7F-f— &Mf&£frltz¥-ft t£ffl5fa<D-ty* >- h 4 1 8 a , bfr 
<bft£. tiotiO'5fM©it7 U-AS:Mt5. "fe^* ^ h 4 1 8 a . 
, bM4 2 5 a, b{4, * 7 — 3 1 4 1 2^M*lOi^?x y 

^^SEftfeb-C^^tbSo W^4 18i:it#4 2 5il -^^n^-3 
1 4 fc^fflJ4 1 2(D^ft(D$&m&1&^XWffafcm&Z> J tlf* > h 4 1 8 e 
&t>*4 2 5 d Srff^U. -^-f ^ n 5 7— 3 1 4 (D^ttL^tKD^ «9 ^ 9 ^ y *J<D^ 

o 5 7—3 1 4(D±gPfCl x S.^m^4 2 5©Tg|itlO ! 5Wgii4 
1 8(4, ^«^4 2 5^W^o 57-314 £ 1 tf>«£C«jg$c£rfT 5 «fc 9 

t^-rs (^fh^co) j^ftffi^^— *— ^^fitv^o xnn 4 1 2 ^(om 2 co 

«*CBj»ttra\ ^Iltti^3 2 4^^L-CtT^tb5o t£oT, aJMitfM 2 5 £nT 
^-I4^M3 2 4tc«<aSrfi]Jp-r*ii:lc«to-C, ^^o?7-3l 4£3fc#gp 
4 1 2^It5rH5-e#5o i8#]fc3Efl!as£*L5£, ^^n^7-314 

W^o^ 7—3 1 4tt\ 03S4 8 0 <>: LT^-T^ft (^V^T, ^J^SFB4 1 2 
e>maxfc9*fcJ±*tH::^j3&>5^#J::, *feiBc#<0 rt>v?j U4 l 6 lei ot« 

C^^^j^ipSiri/^ V h 4 1 8 d N e, M4 2 5 d, ef±, v-f^a>y 
-3 14£3d$|FB4 1 2<Dm<Dmmn.fttefi&m®1r&tcfr<D^folZfafrom5u 
;i 5 fc ibid, *f*L< f4#ttSr^Tb-C^5,, ^^$7-314«jt 
$P4 1 2<Z>KOffi^^3e«>ttft:f-*f LT, r(Dm7C^fi^^lHlte4 8 0 £$IJPS 
t5o ^C4C5^^d w-31 4<7^|h]^4 8 0(4. SWtl4 151: 
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o 

5. ntimWfflMT.£ titers* S&fE3te^y K^-^b^tLTV^ff 1 ^ 
3t^y Ko 

-^y Ko 

oO^lf-lfBtt-Sr^tpft** 2 v Ko 

8. tuiEm^px$tbfci^p o p^^ »ii:*to«a^e>flifife$ix*»*3S2flD3fe^ 

y Ko 

9. UtTIE^* 3t77^^bfiic5if*3ll©^y Ko 
l 0. %Mb. 

1 1. SfjlHMADX^ixfc^p D p7)S v 3fe#^-T r/^e>^5!t*«l 0 KBE*&tf>3te 



(104) 2001-525972 

JS 1 0 <D3t^lEt&7-fc ^ y 0 

13. BUgE^-f^nT^^-^;^ ^^p n D ^-^$tL^^-t'^n^-^^ 

is. aaiE3t«3i s , »WK:m— ja«»©3teaR*>e»ricsi»*3![i o<o3tw*7 

ir^^y o 

16. H5lE3tM* S x ft 7 T'f^^r— ^/WT?*> 51**^1 0O7fe^fStST-fe>^y 

o 

18.. SfjfEMADX^tLfc^p^p^^, loOff- /O^^c^lt^ill 7©^ 

1 9. atast*:, 

tfrh?£Z>'pt£< t h 2 0(7)77^ ^lf%^^y K 
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22. iiulE3fc^ 4>&< tt2o©3fei»e>^0 % r©2o©)fe(DttiW, '> 
2 3. HlPS|J*iii^i-5«5tt, MP$Pf*3^IBS$tbfc^ f^7-<h 

2 4. tuiE^7 l £< <t ti— o^if— gpfctas, /^^< i.^— oo-^if— ^■■^r^/u 

mm\ais huI5^^< t h— o©ff- *&*t#, m— n<omm<oo i b<o^ti< t 
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